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dent,  15,  86;  On  Flnuica  Com- 
mittee, i9;  PresidM  st  Ueeting, 
139,  387,  490;  On  Commitlec  on 
Entertaininetit  of  Englisb  Eugi- 
neen,  317. 

DuKurr,  Asmra  H.— Paper  br,  307. 

Dicu,  Edtakd  Cbristuk. — Elected 
1  Junior,  246. 

DrnmoH.  Emi..— Disoosaion  by,  48. 

DiLLisD.  JoKN  Lu.—Eleoied  ut  Ab- 
todate  Member,  344. 

DnjamcK,  Claxk. — Eleetedkllem- 
W,  244. 

Dboh,  DiPobbst  Hautsd.— Elected 
in  Anociat«  Ucmber,  46. 

Don,  Hdtbt  Fbkdbuck. — Eleoted  a 
Uf  mber.  3. 

DotMiH,  Jaub.— Elected  an  Asaociate 
Member,  130. 

Dovxn,  AI.PBED  EmBALi..— Elected 
an  AsHociate  Member,  46. 

Dddlkt.  Chabixb  Tabbbu^ — Elected 
s  Junior.  309. 

Dtolbi,  p.  U.— DJBcnasion  bj,  308. 

DtwciN,  LiNDB AT. —Elected  an  Asso- 
ciate Member,  46. 

DuKBUi,  H.  F.— DiBcnBBion  by,  167, 
488. 

IhiKLiF,  Fbkdebic  Clabi.— Elected  a 
Member.  244. 

DuHx,  WoAJAM  BoBBBi — ElecUd  an 
Anociate  Membet,  166. 

EwrwooD,  JoHB  Thohpsd)).— Ttbdb- 
feired  to  Grade  ol  Member.  309. 

EmrtBDH,  Dban  Ukat.  -Eleoted  a  Jn- 
Dior.  386. 

Oswald  .— Addteaaby, 


Emm,  Abihtjb  Bobbbt.— Elected  a 
Jonior,  309. 

Eluott,  Jambs  Bdthbbvobd. — Trans- 
ferred to  Grade  of  Member,  167. 

Elub,  John  W.  — Elected  a  Director, 
4G,  85;  On  Committee  of  Arrange- 
ments for  Annn^  Meeting.  491. 

EuswotrrH.  Euobi  Al.BlAtiPEB._ 
Elected  a  Member.  244. 

Elt,  Josh  Stahtod. — Elected  an  Asso- 
dale  Member,  130. 

EnBMK,  GiTT  CABi.BtoH.— Elected  a 
Member.  312. 


BNDICOTT. 

EimiooTT,  HoBDBCAi  T.— On  Commit- 
tee on  Universal  Exposition.  8t- 
Lonis.  6;  On  Committee  on  In. 
ternatioual  Eogineeriog  Con- 
gress, 96, 


FAI.BS,  Fbakx  Lewis. — Elected  an  As- 

sooiate  Member,  166. 
Fabkhah,  Cbablbs  Hkmbt. — Elected 

an  Associate  Member,  244. 
Fat.  f^BDEBiO  Babou), — Tranaferred 

to  Grade  of  Member,  2. 
Febq'csok,  jAitisEABTan.— Eleoted  an 

Associate  Member.  244. 
Ficxbs,  Eswm  Btaittom.     Trantfened 

to  Grade  of  Member,  489. 
FixBBOBB.    O.  J. — On  Committee  on 

Entertainment  of  Enullsb  Engi< 

neora,  217;  Speecb  at  Banqnet  to 

English  Engineers,  406. 
'*  Filtration  Works  of  the  East  JerRej 

Water  Company,  at  Little  Falla, 

New  Jersej',  The,"  aaarded  th« 

Thomas  Fitcb  Bowland  Priee,  4, 

44.  , 

Finanoe     Committee. — Appointment 

of.  49. 

FiSCHEB,  OimXBBBIO  GtlBTAVO. 

Elected  a  Jnnior,  47. 

Fishes,  Ci.»bi,— Death  annonnoed.  3. 

FuEEB,  Edwh  a.— Nominated  as  Di- 
rector. 358.  388. 

FisHBB,  WiLBDB  HowABD. — Elected  * 
Junior,  189. 

FitzOebalo.  Deskond.— On  Commit- 
tee on  Enlurtainment  of  Englisb 
Engineers.  217. 

FoUiAHBBBB.  RoBEBT. — ElectedaJon- 
ior.  386. 

"Footbridge  for  Boildii^  the  Cables 
of  the  Neir  East  River  Bridge, 
The.''  awarded  Ibe  CoUingwood 
Prize,  i.  It. 

Fobs,  WnjJAU  GBirrmo.  —Elected  > 
Member.  364. 

FoBoiE,  James. — Eleoted  a  Member. 
354. 

FoBT,  EDwm  John. — Transferred  to 
Grade  of  Member,  386. 

FoBTiH.  SiFBor  Joseph,— Transferred 
to  Grade  of  Member.  489. 

FosTBB,  HoBTiMEB.  — Elected  an  Abbo- 
ciate  Member,  344. 

Fox,  Hbkkt  Hbiwdod.— Elected  a 
Junior.  309. 


b,CoogIc 


FBANCIS. 

Fkancib,  O.  B.— DUoaBsion  by,  130; 

Lectnro  by,  166. 
Frinoib,    Wu/tib    Joshpb.— TrftDS- 

ferred  to  Orode  of  Member,  167. 
Fsazhb,  JufBB.~Ou  Committee  on 

Oniversal  Eipomtioii,  Ht,  LodIs,  6. 
"  Freezing  as  an  Aid  to  Eicavatioa  in 

Dastable    Material,"     preteoted 

■ad  discnsaed,  48. 
Fbench,   Abtbus  Wtixard. — Tniiu- 

tenoito  Grade  ofMember,  i89. 
Fbbnch,      Fredebiok      Bsonuu).  — 

Elected   a  Member,   308;   Death 

onnonncad,  489. 
Fbizell,  J.   P.— Correapondenca  by, 

aia. 

FuuxB,  Andrbw  DudEL. — Elected  an 

AsBociate  Member,  2. 
FUU.KB,  Cabi.  Hamilton.— Elected  an 

AHROtiiate  Mt-mber,  46. 
Pdixeb,  Gbobqk  WiBBKK.— Awarded 

the  Thomaa  Pitch  Eowlaad  Prize, 

4,  44;  UiacnMion  by,  344;  Trana- 

feired  to  Grade  ot  Member,  24G. 
Fduje*.  Habbt. — Elected  a  Member, 

308. 
FvBiLAK,  Job  Booeiikld. — Elected  a 

Member,  488. 
Ftfb,    Juos    Likcoln.— Elected    a 

Member,  354. 

Galbbbatb,  Wcjjax  Otto. —Elected 

an  Associate  Member,  166. 
OAHnNEB,   Gbobob   Cuktok.  —Death 

announced,  310. 
Qabdnbb,   Wiluam  Moktooukbt.  — 

Elected  a  Member,  488. 
■'  Gatnn  Dam,  The,"  presented  and 

discnased,  314. 
Gatleb,   Ebnest    Rottxok.— Elected 

an  Assiiciate  Member,  166. 
"  General  Methods  for  the  Gnlcala- 


aoLDma. 

GoLDtNO,  JoBM  Fbemoh.— Elected  an 

Associate,  47. 
Ck«DBioH,  E.  p.— Paper  by,  167;  Dis- 

CDBsion  by,  167. 
GoDLD,  E.  Sbbbuak.— DiflcnsBion  by, 

aia. 

OoTC,  WiLUAK  Gbantillx. — Elected 

an  Aasociate  Member.  46. 
Gow,Ch4Bi.>b  Bice.— Elected  an  Ab- 

Bocidte  Member,  !44.    • 

QowB!',  Ckasus  8.— Elected  a  Diieo- 
tot,  46,  85;  On  Finance  Commit- 
tee, 49;  Discnssion  bj,  130,  212. 

Obxem,  Fxcs  Mat.- Elected  an  Amo- 
date  Member,  166. 

Gbebn,  Rdtoeb  Buooizb.— Tiang- 
frrred  to  Grade  ol  Member.  309. 

Obeeng,  Albbbt  Euxbboii.— Elected 
an  Aasociate  Member,  313. 

Gbikhb,  G.  S_  Jr.— On  Committee 
on  Entertainment  of  English  En> 
giaeers,  217. 

Obbbkb,  JoeiPH  NoBTOH.—Deatti  an- 
no no  ced,  309. 

Q11BBN1.AW,  BujFh  Wellbb. — Elected 
a  Junior,  213. 

Gbbenbiuldbb,  A1.BBBT  Pbesioh. — 
Elected  a  Junior,  313. 

Gbioobt,  Luthbb  ELwood.— Elected 
a  Member,  166. 

Gbbikeb,  J.  E. — On  Committee  on 
Concrete  and  Steel-Conorete, 
246. 

Gbotik.  Abthitb  J  AMES.  ~  Elected  an 
Associate  Member,  488. 

Obikbs,  Edwik  Linooui — Elected  a 
Member,  130. 

Gbovbb,  Nathan  Cufpobd.— Elected 
an  Associate  Member,  130. 

QBimszi,  C.  E.— On  Committee  on 
Entertainment  of  Eoglish  Engi- 
neers, 217. 


Oaloulations  of  Designs  for  the 
Manhattan  Bridge  and  the  Blaok- 
well's  iHland  Bridge,  New  Tork," 
preeented,  310. 

GirroBD,  G.  E.— Discnssion  by.  487. 

GirroBD,  Habbi  Vak  Vlbce.- Resig- 
natioD  accepted,  4. 

Gilliite,  UA1.BIST  PowEBs. — Elected 
a  Member,  3l2. 

QnjCAN,  Chablis. — Elected  a  Juoior, 


Hainsb,  Hembt  S.—  On  Committee  on 
International  Engineering  Con- 
0'eBS;  96;  Speech  at  Banquet  to 
English  Engineers.  400;  Address 
by, 421. 

Htu,  Hebbebt  Millbb. — Eleoted  a 
Junior,  1186. 

Haix,  Bobebt  Elliot.— Elected  a 
Junior,  309. 

Hahlo,  Hohbb.— Elected  a  Member, 
313. 

Hahun,  Ealpb.  —  Elected  a  Jonior,  3. 
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a.*,MMOND. 

Huaom,  A1.ONZ0    Johit.— Elected  a 
Member,  244. 

BUcted  &  JnnioT,  469. 
HuDNiKi,  Thomas  Hkhbi. — Eleoled 

aUemtwr,  46. 
fiurai,  JosK  HDNTBB.—Tmiaf erred 

toGmde  of  Member,  38«. 
Huai.Iuio.— Awarded  the  Golliug- 

moi  Prize,  1,  41. 
HuvD,  iauHAK  Tkact.— Elected  on 

iMOciale  Member,  IX. 
Huin,  Edwikd    Dana.—  Elected    a 

HtmhtT,  354. 
SuiB,   Elmo    G.— Correspondeace 

by,  307. 
RAUm,  V*,x  Albs.— Traosf erred    to 

Gndeol  Member,  SOS. 
Hiumoii,    CHAX1.B    L.— Pnper    bv, 
111;   DiscTUBioa    by,    213,    214; 
On  Committae   of  ArrangemeDta 
for  AaniiHl  Meeting,  491. 
Hurom,  K  W.—DisooBsion  b;,  312. 
Hauod,  Benjuub.  — Oa    Committee 
on    Intcmatioiial     Eogiiieeriiig 
C'ongms,  95;  Oa  Committee  oa 
EaleTlEiiiimeDt  of  Englistl  Engi- 
neers, in. 
Haiilton,  Gaob. — Elected  k  Janior, 

213. 
RiMtABL,  JoeBPH  Pbbdbbick.  — TraDS- 

ferred  to  Grade  of  Member,  38S. 
Hatch,    Jambi     Noblb. — Elected     a 

Member,  488. 
Hait,  W.  K.— On  Committee  on  Con- 
crete and  Steel-Conorete,  216. 
Havhswobth,  John.— Elected  a  Jan- 

ior,  309. 
HtvTHUBST,  BoBBBT,  Jr. — Elected  an 

AsaociiLte  Member,  308. 
Hizd,  AuxN. — On    Committee    on 
Entertainment  of  Englisli  Eosi- 
neets,  217;  Fnper  bj,   243;   Du- 
ciurion  by,  343. 
HBKKRta,  Ddmkih  WnoMAH.— Trans- 

teirad  to  Grade  of  Member,  245. 
Hnna,  Buimlph.—Od  Committee  on 
EntertaiDment  of  English  Engi- 
neers, 217;  Presides  at  Meeting, 
487. 
HiBKAjn,  Chabi,^. — Elected  Presi- 
dent, 45,  85;  AddresB  by,  45,  85, 
347,  422;  On  John  Fntz  Medal 
Board  of  Award,  49;  On  Com- 
mittee on  Entartainment  of  En- 
eiiib  Engineers,  217;  Presides  at 
Meeting,  347,  422;  Speech  at 
Bitiqnet    to  English   Engineers, 


HEESCHEL. 

Hebschei,  CL,Bimis.— On  Committee 
on  Entertainment  of  English  En- 
gineers, 217. 

Hbwbs,  TiBon.  Hehbt.— Elected  a 
Member,  46;  DiBcnasion  by,  167, 
354. 

HiLDBMKBANi),  W. — Discnsuon  by ,  8 10. 

HiuwB.  Fbazbb  Cboswxll. — Elected 
a  Junior,  309. 

HiLLBB.  JoBN  AoavsTira.— Elected  an 
Associate  Member,  308. 

HiTOBUAN,  Jaokson  C01.B0BH.— Elect- 
ed an  Associate  Member,  355. 

HoDOKAN,  Uabbt.— Elected  an  Aseo- 
date  Membt-r.  130. 

HoBF,  OLAr.— On  Committee  on  Con- 
crete and  Steel  Concrete.  246. 

EorFHAini,  RoBEBT.—TtanBf erred  to 
Grade  of  Member.  309. 

HooAN,  John  PRnjp.— Elected  a 
Junior,  489. 

BoMin  Lbohhabd  Johh. — Elected  a 
Member.  354. 

HoLCouBB.  JoflBPH  Gaijn.— Elected  a 
Member,  312. 

EoU>BBI>OB,  Hekbi  Atkihsom.- 
Elected  an  Associate  Member, 
488. 

HoLHAN,  M.  L.— On  Committee  on 
Inlemational  Engineering  Con- 

K;b".    95;   Nominated    as    Viee- 
osident,  358.  388. 
HoNiNB.  Fbbdebick  WtuJAK.— Trans- 
ferred   to    Grade     of     Member, 
245. 
Hood.  John  MirruN,  Jr. — Elected  a 


24S. 


HoFBiNB,   Gborob   Gau-aohbb,   Jr. — 

Elected  a  Janior.  3. 
HoBN,  Fbank  C, — DiBcnssion  by,  312. 
HoBSTMAB.  JoHipH  Pbospbb.— Elected 

an  AsHociate  Member,  488. 
HovFON,  Gboboe  Tbbbi. — Elected    a 

Member,  166. 
floBTON,  BoBBBT  Elmbb.— Elected  an 

Associate  Member,  486. 
HovBi,  O.  E.-  Discnssion  by^  364. 
HowABn,   Clbubnt  John.— Elected  a 

Janior,  309. 
HowB.   Habbt  Nobtbbop.— Elected  a 

Janior.  469. 
HowB.  W.  B.  W. — Correspondence  by, 

364. 
HowBB,      Ralph      Holt. — Elected   a 

Junior.  47. 
Hon,    John    Clatton.— Elected   an 

Associate  Member,  213. 
HuBBBLL,  Clabbncb  Willuh.— Trans- 
ferred to  Grade  of  Member,  3. 


b,Googlc 


BUBBELL. 

UusBSLCi,  OiosoE  Scott. — Elected  an 
AaMoiate  Member,  244. 

HoBBOO,  L.  A  —  Address  by,  433. 

HtrupBan,  Bichikd  Liwie.  — Trnns- 
ferred  to  Urade  of  Member,  313. 

HmiPHHKTB,  Aixi.  C. — On  Commiitee 
OB  Entertainment  of  Englinli  En- 
giDserii.  317;  Speech  at  Banqaet 
to  BneliBb  Engineers,  410. 

HVHicKB,  WillLuk  AuauBT  —Elected 
an  Anociate  Member,  130. 

HdNT,  CaASLxaWAXBBN.— On  Library 
Committee,  49;ElectedBeoietaT7, 
GO;  On  Commiitee  on  BoUotfor 
Joint  Enitinceni^  Bailding,  50; 
On  Committee  on  International 
Engineering  Congress,  96;  On 
Commiitee  on  Entertainment  of 
English  Bngineeru,  217;  On  Com- 
mittee ol  Arrangements  for  An- 
QoaJ  Convention,  246;  On  Com- 
mittee ol  ArruDgementa  for  An- 
nual Meeting,  im. 

Buht,  Eobibt  W.— On  Committee  on 
International  Engineering  Con- 
aree",  9S;  K^ech  at  Bonqnel  to 
EntiHsb  EngiDeers,  419. 

HuHT.  Rtrrus  Cahbbok.— Elected  a 
Member.  354. 

HmmtB.  LcBOzLrmjcrisu).— Elected 
a  JnnioT,  3. 

HuNTina,  EnoECT  Nathan. — Elected 
*  Junior,  38S. 

HtmnnoioH,  Oiobob  Dahfobtb. — 
Elected  an  AsBociate  Member, 
488. 

Hotchimos,  Jaoob  Bacon,  Jr.  —Elected 


INTERNATIONAL. 

85,  134,  170,  247;  Beaolntion  of 
the  Board  of  Direction  BeUtiTa 
to  Subscription  to  Membership 
in,  246,  3S»;  Hesolntion  of  the 
Board  of  Direction,  Relative  to 
the  Price  of  Publications  of  tlie, 
389;  Minntes of  MeetinRS  of,  121. 
438;  Reports  of  ChairmeD  of  Sec> 
tions  of,  438;  Report  of  Secretary 
of,  441;  Resolationa  of  Thanks 
Adopted  by  (he  Committee  in 
Charge  of,  ks. 
Ites,  Edvaad  Bibkabd.— Death  an- 
Qonnced,  3. 

Jackbon,  Bosoob  B.— Eeaignation  ac- 
cepted,  60. 

Jacesoh,  WiLLtAH.— Od  Committee 
on  noiversal  Eipoeiiion,  St. 
LooiB,  5;  On  Library  Committee, 
49. 

Jacobs,  Ceaslis  HATTATfliAS. — Elect- 
ed a  Member,  213. 

Jacobs,  Robkbt  Hidb.— Elected  an 
Associate  Member.  213. 

JoBHsoN,  L.  M.—On  Committee  on 
Entertainment  of  English  En^- 
neets,    217;    Death    announced, 


"  iDBtollation  of  a  Fnenmalic  Pamp- 
ing  Plant,  The,"  presented  and 
discussed,  307. 

Institution  of  Civil  Eogineeis.— 
Appointment  of  Committee  on 
Entertainment  of  Members  of, 
217;  Annonnoement  RclaUve  to 
Entertainment  of  Members  of, 
310;  Vinit  of  Members  of,  390; 
Banquet  to  Members  of,  3U2;  Re- 
port of  Committee  on  Entertain- 
ment of  Mem  Lt-rs  of,  490 

Intemttional  Engineering  Congress. 
—  Report  of  Special  Committee 
on,  3.  44,  67;  Appointment  of 
Committee  in  Charge  of.  19,  51, 
93;  Annonncemente  Relating  to. 


Grade  of  Member,  S 

Johnson,  Lutheb  Elm  an. —Elected  a 
Member,  309. 

JoHNBTOH,  Clabbhob  Thohas.— Elect- 
ed a  Member,  308. 

JoHHBTOii,  JoHH  Pabbt.  —Transferred 
to  Grade  of  Associate  Member, 
386. 

JoHKsroNB,  WiLUAM  Babd.— Elected 
an  Associate  Member,  213. 

Joint  Engineering  Bailiting.—Brport 
of  Board  of  Direction  on,  U.  59, 
99;  Correspondence  Relating  to 
the,  45,  50.  61;  ResolntinoB  ol  Ihs 
Board  of  Direction  Relative  to  the, 
45,  19,  63,  Appointment  ot  Com- 
mittee on  Ballot  for,  50;  Tellere 
Appointed  to  Crinrass  Ballot  on. 
129:  Report  of  Tellern  Appointed 
tu  CaDvoKB  Ballot  on,  131. 

JoNBs,  Thouis  Johm.— Elected  on 
AsBOciate  Member,  244. 

JoHBB.  WiujAH  Henbt.— Elected  a 
Member,  '212. 


b,GoogIc 


KtcTH,  H.  C.  -DissoBsioD  by.  4S8. 
^nu,  WiLUAK.  — Elect«<l  aa  Associ- 

iK  HambeT.  46. 
Kdli,  EowiBD  U4BI0H.— Elected  a 


1.  ai7. 

lana,  BriPKaK  EpBOinf. — Elected 
ulnociate  llember,  35a. 

KlMOKBtlOt,       HXNBI       (klBWUia.  — 

ElMted  ■  Junior,  131. 

KuMaowan,  Thcodobi  Julids.  — 
Heeted  ftn  Awociate  Member, 
1G6. 

Kkap,  JonpB  M,  Elected  Treasurer, 
45.  Bo;  On  Committee  on  Inter- 
uatioital  Engineering  Oongceas, 
95;  Nominated  aa  Tiea«Drer,  356, 
38S. 

Ki»»,  Jems  Di  Bbuth, — TrauBferred 
10  Graile  o(  Member,  a. 

KowiB,  HtiutANK.— Eleoted  a  Mem- 
ber. 354. 

Kbiubib,  Itib.— Elected  an  Associate 
Member,  488. 

Kincsuflo,  Emc— On  Committee  on 
nuiTBraal  Eipoaition,  St.  Loaia. 
S;  DisonwiOD  Dy,  dLd;Nominated 
u  Tice-Preaidcnt,  36tj,  3Blj. 

Li  Cmoortt,  H.  A. — Appointed  Teller 
to  CanvaHB  Ballot  for  Proposed 
UoioaEn<iiDeeTingBaildiDg,  130. 

Luxtr,  OscAB  Fbincis.— Elected  an 

Associitte  Member,  213. 

Lt     FOBQE,      PBRDEBIOI      WlU,IAM.  — 

Elected  K  M<^mber,  354. 
"  Lake  Cheeamau  Dam  and  Eesenoir, 
The,"  presented  and  diaonssed, 

m. 

Luu.    Ebhcst   Atek. —Elected   an 

ABBociats  Member.  308. 
Lum.  BiOBian.  — Discasijon  by,  4B0. 
Ludbctb,   Willum  B.— Nominated 

u  Director,  3S8.  3S8. 
Lin,  Pbxdbbioi  T  Ate  Zahdt.— Elected 

B  Janior,  167. 
Luo.   Otto    Heimbich,— Elected    a 

Member,  354. 

LuBlBEl,       WHJJAK        DOMIHICR.  — 

Elected  a  Member,  3]4. 
IiULn,  CB«ei.KB  OirroN.— Elected  an 

Associate  Member,  213, 
IiTcni,  J4C3B   A1.BBBI.— Death     an- 
DCnuced,  490. 


L.ATEBAL. 

"Lateral  Earth  Pressure  and  Be- 
lated Ph>-nomena,"  presented  and 
diaciUBed.  167. 

LiTKLia,  Thoiub  MoHAHiM.— Elected 
an  AsBociate  Member,  308. 

Latis,  F.  -  Discossioa  bj,  4S,  131. 

Lkikb,  BorDMOT  Oaob — Elected  a 
Janior,  3. 

LiATHKB,  Babii.  Hbnxi.— Elected  an 
AxROciale.  214. 

Lb  Babon,  J.  F^iHCD.— Paper  by,  490. 

LBrn,(B.  Bdbton  BuTHiBroan.  — 
Electedan  AB«ociateMember,166. 

Lbohabd,  fl.  it.  —On  Nomioaiing 
Committee,  44,  ^. 

Lmlbt,  Bobkbt  W.— Disenssion  b;, 
130;  Un  Committee  on  Oonor^te 
and  Steel -Cuncrete,  24<>. 

Letter- Ballot  tor  AdmiBsion.  — Reso* 
lation  of  the  Board  of  Dlreolion 
Relative  to  Bevision  of,  246. 

Lewis,  E.  C.-Oo  Librarj  Commit- 
tee, 49. 

Lewis,  LrrOEB  Hakicohd.— Elected 
an  Aosooiate  Member,  1C6. 

Lbwib,  Nelbon  p.— Elected  a  Direc- 
tor, 45,  S5;  On  Library  Commit- 
tee, 49;  On  Cammittee  on  En- 
tertainment of  English  Eogi- 
neerB,  217. 

Lewis,  tiuntCL  James.— Elected  a 
Jnnior,  489. 

Librai;.— Accesaions  to  the.  17,  108, 
138,  170,  319.  353,  317,  359,  458, 
494. 

Library  Committee.  —  Appointment 
or.  49. 

LtHDBNTHAh      GuSTAV.  —  DilcaBsiOK 

by,  308,  310;  Paper  by,  3H>. 
LiPBEZ,    Tbokab    Edobne    Lsabd.— 

Elected  an  ABBociaieMemher,166. 
LuwsLLTN.   F.    T, — DincQfeBiun  bj, 

214,  354. 
"  Location  of  the  Enoiville,  E,a  Fol- 

lette  andJellioo  Bailrond.  of  tbe 

Lonisville  and  NsBhTjlle  System, 

The,"  presented  and  discussed, 

132. 
LoOAM.  WtujAU  Seelbi. — Elected  an 

Associate  Member,  166. 
Lovtu..  Wai-teb  Dantuxb.— Elected 

a  Member,  312. 
Lotbtt,  Gboboe  Feed  ibick.— Elected 

an  Asxociate  Member,  308. 
Low,    Eulc— CorreBpondenca    by, 

132. 
LownjBOK,  O, — DiscDSsion  by,  214. 
LocAB,    Oeobob   Latoiobi. —Elected 

sn  Associate  Member,  188. 
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21G. 
L^iDLOW,  Justin  Wtmas. — Elected  i 

Jaoinr,  167. 
IiTiNP,  BoBBBT  LB4TB&R.— Elected  an 

AsBoclate  Member,  313. 
IjT1I4N.    Biceuui.  —  DisoDssioii    b^, 

167. 
Ltkan,  Bicbabd   BoewELL. — Elected 

an  Associate.  213. 
Lton.     Bembt    JjioTn.  —  Elected    a 

Membet,  46. 

MioCbaoien.  GbobqbOerk.— Elected 
an  Associate  Member,  47. 

MlCDONlLD,        ABOHIBAIJ)        ANQITS. — 

Elected  an   Assodato   Member. 

355. 
Macdokau).   CaABi.BS.— On  Commit- 
tee on  EntertaiDment  of  English 

Engineers,  317. 
Macdonau),   H.   p. — DiBcnasion    b;, 

214,  354,  488. 
MaoQbeoob,   R.   a. — Discnsatoii   by, 

488. 
Macesit.  Hbnbt  Vdjcbht.— Electeda 

Member,  212. 
HacNaib.  Hchby  Jaus. — Elected  an 

Associate  Member.  244. 
Maoohb.    Johm   db    Natabbb.    Jr.— 

Elected   an    AsBOciate    Member, 

355. 
McBdbhbt,      Hbnbi.  —  Elected      a 

Junior,  3. 
UoCaixa.    Bichabd    Caltih.—  Death 

announced.  309. 
McCoiTOBij.,  Ira  Wblch.— Elected  an 
AKSociate  Member,  438.. 

MoCULLOOH,         HOBBBT        AOSTBS.  — 

Elected    an    Assaciate    Member, 
308. 


Maddbm,  Jobm  Himki. — Elected  an 

Associate  Member,  213. 
Haobddeb.  Fbank  Cboil.— Elected  a 


MoDoKAU).  HuNTBB.— OnFoblication 

Committee,  49;  On  Committee  on 
Intemational  Engineering  Con- 
gress, 95;  On  Committee  of  Ar- 
rangemente  for  Annnal  Con  Ten- 
tion.  246;  DiscoHaioa  by,  308. 

MoQeb.  Van  Noouam. — Death  an- 
nonnced,  355. 

MgImtibb,  Thouab  Bobion.— Elected 
a  Jnnior,  131 . 

MoKiowN,  Thohas.  —  Death  an- 
nounced. 309, 

McLbah,  Josbph  Pawon. — Elected  an 
Associate  Member,  130. 


MAI.TBX,  F.  B.— Correspondenoe  by, 

312. 
Mavthb.  Balph  Babiom.— Elected  an 

Associate  Member,  244. 
Habindih,  HiKBt  Locis.— Death  an- 

nonnoed,  167. 

MABSEALt.,    BOBIBT    Bb&DFOBD.  

Elected  a  Member,  212. 

Mart,  Chables  D.— Elected  a  Dxrec- 
ter,  46,  8G. 

Matheson,  Ebrist  Gkobqb, — Elected 
an  Associate  Member,  244. 

MATHBwaou,  lasic— Transferred  to 
Grade  of  Member,  131. 

Mat,  Tbbodobx  Mabtin.— Elected  an 
Associate,  189. 

Matbix.  A1.BBBI  jBrFBBBOH. — Elected 
a  Junior,  131. 

Matbb.  Joseph .—Discnssion  by.  310; 
Presides  at  Meeting.  386. 

Mbad.  Chabucs  Adbianoe. — Trans- 
ferred to  (iradn  of  Member.  2. 

Mbuok,  N.  a.— Disonsaion  by,  488. 

Mbltillb,  Geobob  W — On  Commit- 
tee on  International  Engineering 
CongreHB,  95. 

Membership.— Additions.  21,  111, 
141,  184.  223,  269,  321.  361,  462, 
497 ;  Changes  of  Address,  143, 185. 
226,  2617321,  362,  464;  Besigna- 
Uons,  23,  113,  368;  Deaths,  23, 
113,  188,  221,  268,  324,  365.  467, 
498. 

Mbbmi.t.,  OancN.  — Elected  an  Asso- 
ciate Member.  47. 

MgpitiiT.  BoBBBi  Uaix. — Elected  a 
Junior.  213. 

MBTCAI.F,  WiLLiAif.— On  Committee 
on  International  Engineering 
Congress.  96;  On  Committee  on 
Entertainment  of  English  Engi- 
neers. 217. 

"  Method  Used  by  the  Bailroad  Com- 
mission of  Texas,  Under  the 
Bteck  and  Bond  Law,  in  Valuing 
Bailroad  Properties,"  presented 
and  discOBSed.  46. 

Metbbs.  AxfBED  Moieb. — Elected  an 
Associate  Member,  365. 

MuxBB,  Aleiandeb  Maooms.—  Death 
annonnced,  355. 

MnjjB.  Fbane. — Elected  a  Memher, 
354. 
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MILLER. 

Mn.iJE,  BnmifH  Phiup.— Tronsfiii- 

red  to  Grade  of  Manber,  3. 
Uinnlffi  of  MeetingB  of  the  Board  of 
Direction,  3,  19,  50, 132,  16B,  216, 
U6,  311,  388,  see,  490. 
Knnteg  of  the  Meetings  of  the  In- 
tmBtional  EDgJueerinfiCoiigreaa, 
131,  J38. 
Unoia  of  MsetiDgB  of  the  Society,  I, 
I  43.  46,  48.  51,   129.    133,  166, 
lisT,  311,  ai4,  243,  307,  310,   317, 
3U.  38S,  387,  4ST,  490. 
Xaaau^      CHiRLn      Huolioh.— 
Trusfcned  to  Grade  of  Member, 
1 
Udmbu,  Ralph.  — Elected  a  DirM- 
tor,  IS.  85;  On  Library  Commit- 
tee, 19. 
Mon.  EBNwt  WnjuH.— Elected  a 
Member,  30S. 

rr,  Ijmos  8.— Paper  by,  310. 


SoLoi,  EtnEBiDs  JoesPH— Elected  a 
Member,  351. 

UoKiBAH,  JoKH  Jo«spB.— Elected  an 
Anodata,  214. 

UoDthI;  List  of  Recent  Engineering 
AnieleB  of  Intereat,  24,  113. 110, 
m,  229,  269,  32S,  366,  468,  499. 

UooBx,  Jobs  Edwih.— Elected  a  Mem. 
b«r,  3>4. 

Uaan,  Robbst.— On  Committee  on 
Universal  Eipoailion,  St.  LoqiB. 
5;  On  Committee  on  Entertain- 
ment of  Engtiah  Engineers,  217; 
Speech  at  Bajiqiiet  to  English 
EngineerB,  397;  Preaidea  U  Meet- 
ing of  IntematioDal  Engineering 
Conp:nK8,  438. 

Uoau,  U.  E. — DiBcnssion  by,  48, 

VosieoN,  WnxiAU  Sioth.— Elected 
an  ABCociate  Member.  1 66. 

UoBBow.  JiT  JoHKsoN.— Transferred 
to  Grade  of  Member,  131. 

Hosm,  JottH  Cbasoh.— TranafeiTed  to 
Grade  of  Meiiiber,213. 

Kosa.  KoBEBT  Fadlsnib.— Elected  a 
Jtmlor,  386. 

UotlUI,    GlOBOB     AliXIANDEB    HDTCH- 

ofoa.— Elected  an  Associate  Mem- 
ber, ISa 
UtmuE,  JufcB  P.— Speech  at   Ban< 
qaet  to  EngUsb  Engineers,  403. 

^inuir,  GioBBB.  —Elected  a  Mem- 
ber, 212. 
"SiTLot,  E.  B.— Resignation  accepted. 


Heiuon,  Gbobov  HiitBisoN.- Elected 

a  Member,  354. 
Nbthbxcct,     Edou    S.—  Elected    a 

Member,  166. 


snd  15-foot  Bay  Ridge  Hewer.  A," 
presented  sjid  discnsaed,  3tsG. 

NcwBBOtKJH,  WiLLUH.  —  Elected  a 
Member,  166. 

Kewxll,  Hekbebt  Davon. — Elected 
an  Associate  Member,  16H. 

NtOBOu,  Clakihck  Hicib.— Elected 
on  AssocuLte  Member,  166. 

NiOBOUOH,  G.  B.— On  Nominating 
Committee.  14,  55. 

MoBLi,  Ai,ncD.— Prpudes  at  Meet- 
ing, 1,  13, 16,  51.  211;  On  Com- 
mitlee  on  Bsllot  for  Joint  Engl- 
nncring  Bnilding,  50;  On  Com- 
mittee on  EoiertainiueDt  of 
English  EngiDefcs,  317. 

NoBi.1,  Ci.ABiHca  Waburi. — Elected 
an  AssDoiHte  Member.  17. 

Nominations,  Committee  on.— Elec- 
tion of,  44.  61 ;  Presents  List  of 
Nominees,  35B,  388. 

NoBTH,  Edwabo  p.  —  Presides  at 
Heetinii,  211;  On  Committee  on 
EntMlainment  of  English  Engi- 
neers, 217. 

NoiBLiMO.  EuL  Louis.— Elected  a 
Member,  488. 

NoKN,  Padl  N.— Elected  a  Member, 


O'Bbibm,  Josbph  H.— DisodssioD  by, 
214,354. 

O'COKNOB,        CoBttKLlCa        JOBEPB.  — 

Elected  a  Junior,  131. 

OifCOTT,  E.  E.  — On  Committee  on 
Eoteriainment  of  Engtidb  Engi- 
neers, 317. 

"  Od  ScdimentatioD,"  presented  and 
discuesi.'d,  243. 

Opdickk,  Ubhbi  Gobtok.  —Electa 
an  AWiciute  Member.  308. 

O'RoDBKa,  J.  F.  —  Discnssion  by, 
361. 


48H. 
OsoooD,  JoRBPB  O.— On  Publication 
Committee,  49;  On  Committee 
OD  International  EngiNeering 
Congress,  95;  On  Committee  of 
Arrangementa  for  Annas!  Con- 
vention, 216. 
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OwBH,  JiHn."PT«tideB  at  Meeting, 
243. 

Pum.  Cbaxi-bb.— On  Committee  on 

^trrtainmeDt  of  EDglieb  Engi- 

ueetB,  in. 
Faijixb,    John    Elsen.— Elected    a 

Member.  344. 
PuKEB,  JoHK  CialLEEBioB. — Elected 

tJanior,  489. 
PiBxn,    WnjuM     Pool.  -  Elected 

on  AsBsnciate  Member,  356. 
pABMUn.   Wu.Tnn  O.— Lectare    by, 

387. 
PiBBOHK,     H.     DE     B.— Paper      by, 

ai4. 

Fabbonb,  Wiluam  Basclit.  —  On 
C<  mmittee  on  Enterlainment  of 
EDRlieli  ED)(iDe«rs,  317. 

Patch,  WiLTKB  Woodbury.— Elected 
an  Associate  Member.  3US. 

Patkbbok,  Habbv  Tbomas.  — Elected 
an  Araociate  Member,  47. 

PiABaoNB,  G.  W.—  Correspondence 
by,  244. 

FiOBAM.  GaoioB  H.— On  Publication 
Committee,  49;  On  Cotuimttee  on 
International  Enf^neeiing  Con- 

frees,  95;  Presides  at  Meeting, 
B7,  310;  On  Comoiittee  on  En- 
tertainment of  English  Engi- 
neer. 217;  On  ConmiUee  of 
Airangeniente  for  Annaal  Con- 
vention, 246. 

PiBBnro,  Bbmbi  OAariKLD.— Reaig- 
natinn  aouepled,  4. 

Pbbbt,  Johh  PanroB  Hazbh— Elected 
a  Junior.  SM. 

PfiDKB,  H.  J.— On  Committee  on 
Universal  Bipoaitlon.  St  LiiiiiB,5. 

FrKimB,  OtoBOB  Wuthbld.  — 
Elected  en  Assooiate  Member, 
3S6. 

"Pbenomenal  Laud  Slide.  A,"  pre- 
sented, le-l. 

VauAm  RicHABD  Habvei,— Eleoted 
a  Uembfr.  46S. 

PfliLiiips,  Thbodobb  Clitfobd.  — 
Elected  an  Assooiate  Member, 
130. 

Phu-ups.  WiLUAif  HA1.B.— Elected  a 
Jnnior.  386. 

PiOKBTT,  Wti.t.um  D.  — Correspond- 
ence by  relating  to  joint  Engi- 
neering Building,  46,  61. 

PiBBOB,  Jahib  Wilson — Elected  an 
AaBociate  Member,  47. 

PimsoN.  OiOBOB  S.— Nominated  as 
Director,  3b8,  3tf8. 


Popi,  JoHV  HoHToij. — Elected  a  Mem- 
ber, 488. 

PoPB,  WiLLABD.— Elected  a  Member, 
35S. 

PoBTtB,  WiLUAH  W.— gpeecbat  Ban- 
qnet  to  EnKlish  Engineers,  415. 

Post,  Obobob  B.— On  Committee  on 
lotemational  Engineering  Con- 

FoniB,  WiLUAM  Bancbott.— Elected 
a  Member,  130. 

Pbatt.  Bobibt  J. — Besignalion  ac- 
cepted, U6. 

Pbait,  Wiluak  Avthdb. — Deatb  an- 
nonnced,  310. 

Pnzea,  Committee  to  Recommend  the 
Award  of.— Report  of,  3,  4,  41,  57: 
Appointment  of,  215. 

"Probable  Wind  Preeenre  Involved 
in  the  Wreck  of  the  HiRh  Bridge 
over  tUe  UisaiHsippi  River,  on 
Smith  Avenue,  St.  Paal,  Minn., 
AngaBt2Utb,  1904,"  presented  and 


Pbodti,    Edwabd  Nathan. —Eleoted 

an  Associate  Member,  47. 
Publication     Committee.  —  App<^t- 


QotHBT,    Edwin    Rnrva.— Elected    a 

Member,  3 12. 
Qotnn,  Riohabd — Elected  a  Member, 

130. 

Rainbow,  John  Rowobth. — Elected 
an  AsaooiHle  Member,  2, 

Raubz,  JoeBPH.  Jr.  Chi  Committee 
on  International  Engineering 
Congress,  96;  On  Committee  on 
Entnlainment  of  Enulieh  Eogi- 
neera.  217. 

"  Eatiooal  Form  of  Stifimed  Saspen- 
eion  Bridge,  A,"  presented  and 
dlscaased.  310. 

Raimomd,  Williau  C— Correspond- 
ence by.  13d. 

Ratoos,  CliAbbnod  Webstib.  — 
Elected  an  AjMociate  Member, 
166. 

Rea,  Samobl. — On  Committee  on  En- 
tertainment of  English  Engi- 
ueetB,  317. 

RzABrsN,  DEWnr  Lee.— Elected  an 
Associate  Member,  166. 
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BiBKB,   Hbtbt    LmroM. — Elected    k 

Member,  212. 
"B«clBiii)ilion   at  BiTer  Deltas   and 

Nilt  HursbtB,  KMluidditciused, 

tSt). 
BmucB,  Oasi.— Elected  a  Member, 

M. 
RiiD,H.— DiBcnvioDb;,  4B. 
Bid,  Wbndkli.  HoHkoB.— Elactad  » 

Member.  355. 
Bud,   WnjjAM    Wiad. — Death    en- 

nooncikl,  47. 
Btport  of  Committee  on  EnteilaiD- 

ment  of  EDgliah  Bogjneen,  190. 
Bepott   of    Committee   od   Uniform 

Tnls  of  Cemeut,  44,  68. 
Bepoit  of  Committee  to  Co-operate 

in  S'aadaidiziiig  AbbreTialiaiiH, 

elo.,  174, 
Beportof  Committee  to  Becommeud 

the  AwRTd  of  FHzee,  3,  4,  44.  57. 
Bep'<Tt  of  Heoretary  of  lotemationaJ 

Engineering  CoDgresB,  444. 
£epon  of  Tellers  Appniuted  to  Can- 

tus  Ballot  on  Fropoud    Union 

EngiDeerinK  Bmldinn,  131. 
Beport  of  Tellers  on  the  Vote  for  OfE- 

cers,  4B,  b4. 
Beport  of  tlie  Board  of  Direction,  7, 

44,61. 
'    Beport  of  the  Board  of  Direction  on 

Joint  EiwineeiiDg  Building,  44, 

69,90. 
Beport  of  the  Board  of  DirecUon  Be- 

in'iDf;  to  the  Appninrment  of  a 

Committee   oa    "Concrete    and 

Bteel-Concrete,"  44,  68. 
Beport  of  the  Secretarj,  U,  IR,  44,  El. 
Beport  of  the  Special  Committee  an 

International  Engineering   Con- 

greiH,  3,  44.  67. 
Bep  'rt  of  the  Treasorer,  16,  44,  61. 
Beport  Bi-latius  to  the  Appointmfat 

of  a  Sptoiat  Committee  on  Con- 
crete and  Hteel-Conorete,  44,  68, 
fiepoita  ol  Chairmen  of  Sections  of  . 

Inleroational  Engineering  Con- 

BttM,  438. 
EeBolntion    of    Tbenks   Adopted  hj 

Committee  in  Cbame  of  Interna' 

tionalEngineeringCongrera,  4^. 
BesolntJoQ  of  Thanks  at  the  Annual 

Convention.  348. 
Besolntion  of  Thanks  Tendered  to 

Pnal  A.  Senrot  b;  the  Board  of 

DiiFotioD,  490. 
Wilatinn  of  the  Board  of  Direction 

BeUtive  io  Revision  of   Letter- 
Ballot  lor  Admission,  346. 


BE8OL0TIOS, 

Resolution  of  the  Board  of  Direction 
Uelative  to  tiDbacription  to  Hem- 
bersbip  in  Intematlonsl  Engi- 
neering Congress.  346,  389. 

Besolntion  nf  the  Board  of  Direction 
Relative  to  the  Price  of  the  t'ab- 
li cations  of  the  International 
En^ineeiing  CoDgrese,  389. 

Besolationa  of  the  Board  of  IMrection 
fi«latlve  1o  the  Joint  Engineer- 
ing Building,  4B.  49. 

Rbiitdub,  J.  V.  W.— On  Committee 
on  Entertainment  of  Engliah 
Engineers,  317. 

RicflAaiMON.  B.  Fbiiv.— Death  an- 
nonncel.  167. 

RioBNOND,  Juuin  PinmcWlLUAM.— 
ElectedaJnnior,  47. 

Ricurrrs,  Loois  Diyidsoh.— Elected 
a  Member,  356. 

RicKBTTii,  FauikbC.— Od  Committee 
on  International  Engineering 
Congreea,  96. 

RnONMB,  Waliaoe  BntKELsr.  — 
Elected  a  Member.  3U8. 

ttnms,  fAAMMUM.—  On  Homlnating 
Committee,  44,  66. ' 

Bobs.  Louis  Aniifs.— Elected  an  As- 
sooiate  Member,  366. 

BoBBnra,  AiiLAX  Applbtoh.— Trans- 
ferred to  Orade  of  Member, 
309. 

BoBcms,  AursKD  WniEuu.— Elected 
a  Jnnior,  107. 

BoBBBim,HuBT  AsHTON. Electeds 

Jnnior,  167. 

N  ATKISIBL . —Correspond  ■ 
enoe  by,  314. 

RoBiHBON,  A.  A.— On  Committee  on 
Entertainment  of  English  Engi- 
neers, 317. 

BoBniitoH,  GaoROi  Looios. — Elected 
a  Jnnior,  187. 

BoBiNsoN,  hIbbt  Hxtb,— Elected  an 
Associate  Member,  313. 

Rood,  H.  M.— Appointed  Teller  to 
Canvass  Ballot  for  Offlcers,  44, 61 , 

BoflSNtiiTKio,  Alibed.— Death  an- 
nonnoed,  48. 

BontDBY,  Enamn  Pebohhuo. — 
Elected  an  Asw>oiale  Member,  3. 

Rowland  Priie.— Awarded  of,  4,  44. 

Runton,  Wqjum  Ebbpbb. — Elected 
an  Associate  Member,  366. 

BussxLL,  S.  Bemt. — Discnssion  by — 
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SHEPHERD. 


AsBOoiate  Uember,  213. 
SiNDiBs,  Wn-LUM  Ho&4no. — Elected 

a  Membet,  46. 
Saohdebs,  W.  L.— On  CommittM  on 

EntertaiDment  of  English  Engi- 
neers, 317. 
Sawteb,    Jacob   Herbbbt — BesigDa- 

lAtioB  accepted,  4. 
Satebb,  Edwasd  Lawbmno. — Elected 

a  Junior,  47. 
ScAHBOBonaH,   Fbahcis    Winthbop.^ 

Ttanaferred  to  Grade  of  Member, 

47. 
ScHAErvKK   Amm. —Elected  an  Asao- 

ciate  Member,  47. 
ScBAO,   J.  W.— On  Cotnmitlee  on 

Concrete  and  Steel  Conorete,  211!. 
SoBiDSBHAini.  Hooo  JvLica.  —Elected 

an  AHSociate  Member,  488. 
SCBHITT,  E.  -Paper  by,  1. 
SoHSliBBB,  C.  C— Diacaasionby,  211, 

SM;  On  Cummittee  on  EntertniD- 

ment  ofEngliah  Engineers.  217; 

On  Committee  on  Concrete  and 

»teel-Concrete,  246;  PreaideB   at 

Meeting,    307:    Paper    by,    354; 

Nominated BBPresideat,  358,  3B8. 
ScHMZBiBOiB,  Otto  F.— Addreaa  by, 

435.450- 

-       -  ■■         -y.lSO. 


ScoriELD,  Glbnm  Mason.— Elected  a 

Member,  308. 
Soo«T,  Charlm  Bbvcb.— Elected  an 

Associate  Member,  47. 
SOBIPTITBE,  Abthvb  Mabqdih. — TruDB- 

ferred  to  Ornde  of  Member,  2. 
Skamak,   Hekbt  B.— DJBCDBsion    by, 

354. 
Skabb,    Tbouab    BABTI.ETT, — Elected 

an  Aaaociata  Member,  355. 
SsABB,  Waltkb  HiHBEHr.— Elected  a 

Member,  355. 
Bocretary.— Report  of,  14,  15,  44,  51; 

Election  of,  .'iU. 
6bubot,    Padl  Albkbt.— Tranaferred 

to  Grade  of  Member,  386;  Beeo- 

Intion  ot  Thanks  to,  490. 
SBAMEit,  Hahby  Linskn.— Elected  an 

Aasociate  Member,  486. 
Shakes,    Thouab   Feabman.  —  Death 

anDoonced,  47. 
Shillbt,  OawAU)  Pboctke. — Elected 

a  Junior,  167. 


BiUBaBBD,  MoBBia  B. — Nominated  as 
Director,  368>  368. 

ShKBIZEB,       iTMMMUt,       fiSASBOBI.  — 

Elected  an   Associate   Member, 


iDced,  3 

Beitt,  Psedebice  Jakes  V.— Address 
by.  421. 

Sleepeb,  Geoboe  Ed wabd. —Elected 
a  Member,  46. 

Surra,  AirauBTns.— DiaoDBBion  by, 
351. 

SiOTB,  Benjauih  Boboh.— Death  an- 
nounced, 48. 

Shttb,  Cbbsikb  Wabom. — Elected  an 
AsBociate  Member.  3S5. 

SuTTB,  J.  Waij>o. — Discnaaion  by* 
212;  On  Committee  on  Enter- 
tainment ot  English  Engineers, 
317;  On  Committee  of  Arrange- 
mentB  for  Annual  Meeting,  491. 

Smtib,  Llotd  Bowk.— Elected  an 
Aflfloeiate  Member,  166. 

Smie,  Stbwabt  Kbdeie.- Elected  a 
Member,  166. 

Show,  Fbane  Hbbbbbt.  —  Trana- 
ferred to  Grade   of  Member,213. 

Snideb.  Baibd,  Jr. — Elected  a  Mem- 
ber, 130. 

Srideb,  Fbbdebig  Anteu. —  Elected 
an  Aasociate  Member,  214. 

Society  House, —Purchase  of  Land 
for  Eitenaiou  of,  166,  168;  Ap- 
pointment of  Committee  on  En- 
lai^emeDt  ot,  490. 

"  Some  Notes  on  tbe  Creeping  of 
Balls,"  presented  and  diacussed, 
3(18. 

SoPEB,  Gboboe  a. — Disonssioti  by, 
■214. 

SoiTDEB,  Habbisoh  . —Elected  a  Mem- 
ber, 2. 

Spauhno,  Waltbe  Jambs. —Elected 
sJnnior,  3811. 

Speab,  Waltkb  Et4((b.— Elected  aa 
AsBOciate  Member,  47. 

Special  Committ4!e  on  International 
Engineering  Congress. —Report 
ol,  3, 41,  57. 

Speeches  at  Banquet  to  English  En- 
gineers. 393, 

Spencbb,  Heubbbt.  —Elected  a  Jnnior , 
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8PENCEB. 

,    JoEM   C1.AXX.— TraDiferred 
to  Oiade  of  Uambet,  189. 
&uatr>,  Edwin  LoBiMa,  Ji.— Elected 

Klnoior,  245, 
SmoDK,    Fum  Jnuui. — Elected  a 

Utmber,  344. 
SunoH.  B.  B.— mRcnuion  by,  167. 
KtimroK,  Datid  Abmold. — Elected  a 

Jonkor,  307. 
Smo,  EiDiKT  Abheb.— TrvisrerTBd 

to  Orade  ol  HembcT,  131. 
Sm-um  VihcmT  Iohathis.— Elected 

tn  AHaociale,  489. 
Smtr,  E.  W.-  DiHonnBton  by,  354. 
Snma,  F.  S.-  Diacninion  b;,  908. 
SriTEBaos,      WnxuM      FKnHAM. — 

Elected    hi    Aseociale    Hember, 

355. 
Snu.w«i.L.  L.  B. — On  Committee  on 

latcTDatioDal  EngiueeriDg  Co&- 

greu,  95. 
SiME,  EvEuBTT  EswAKD.— Elected  a 

Uembei.  312. 
SroaBow,     Cubus    Stobcb. — Death 

announced.  214. 
Stdkkow.     SimiBi^— TransferTud    to 

Grade  of  Member,  131.      • 
Strsklow,  Oboab  Emil. — TranifeTred 

to  Orade  of  Uember,  309. 
8T11CILBB,     Gain    BaowM.  —  Trana- 

ferred  to  OrBda  of  Uember,  3U6. 
^  Ghakleb  L.  — On  Committee 
I    Beoommend    tbe    Avard    of 

Prizes,  215. 
Snoao,  JuuB  Boobmam.— Elected  an 

ABBO«iHte  Member,  355. 
Stoibt.  JoeKPH  Thohfson. — Elected 

a  Member,  212. 
"  SubetTDctnre  of  the   UarBh  River 

Bridge, " presented  and  discDEeed, 

13<l. 
ScHi,  Otto  Bbuno. — Elected  a  Hem- 
ber, 34*. 
SvunKB,  JoBH  Edwud.— Elected  s 

Menbet,  812. 
SwKMSMiK,  Ehii» — On  Conuuiltee  on 

Conareie  and  Steel-Concrete,  3i6. 

SVINDKLIA  JOBKPH  SPBIKOER.    — 

Elected    an   Asaoeiale    Uember, 


TuMABT,   Riu>a  Com.— Elected  an 

Aasoeiate  Member,  366. 
Tut,  J.  Q.— DiBonwion  b;,  46,  4S, 


TuAOi,   Eablb.— Elected   »  Jnnlor, 

307. 
Tti.corr,  Habbt  EumoLPH  —Elected 

a  Uember,  3'>& 
Tatiab.  Benjaiom  Hb>bi.— Elected  a 
Uember,  212. 

Tiii^B,  BiLWiH  Mhu>H.— Death  an- 
noanced.  48. 

TiiLOB.  W.  D— Pt^r  bj.  133. 

Tbiohmah,  Fbamk.  -  Elected  a  Mem- 
ber, 365. 

Tellers.— Appointed  (o  CanvaKa  Bal- 
lot tot  Election  of  Uffloera,  44, 
61;  BepoTt  cif.— On  Election  ut 
Officers.  45,  84;  Appointed  to 
Gaovasa  Ballot  for  Proposed  Un- 
ion Engineering  Bmlding.  Vii; 
Keport  o(.-On  Propoeed  Dniou 
EngineeriDR  Building  131. 

Tbupli,  Jorv  C.— Appointed  Trller 
to  CanvasB  Ballot  fur  Proposed 
Union  Enftineering  Bni  filing. 
130. 

'■  Theory  and  Formnlan  for  the  An«. 
Ijtical  Compntation  of  a  Tbree- 
Spun  SaHpenxion  Bridge  with 
Biaced  Cuble, "  presented  and 
discQB-ed,  310. 

"TbeoT7  of  ttie  Spherical  Dome  vith 
a  HomogenoooB  Surtaue,  and  of 
tbaFramedDome;  Also  Notes  on 
the  Con sti action  of  Musonrj  and 
Metal  Domes,"  preaenied,  1. 

Thomih.  Gbobob  E, — Correspondenca 
by,  48. 

TaoMPsoH,  ChtXEntm  Hard. — Elected 
an  AHSooiate  Member,  3U8. 

Thompson,  K.  A.— PiipFr  by,  48. 

Tboubon,  ALKiARDia,  Jr. — Elected 
an  Aasociale  Member,  47. 

Thombon,  Ebhbst  Bcbbixm.— Trans- 
ferred to  Grade  of  Member,  215. 

Tbombon,  T.  ExsHABn.— Discussion 
by.  48. 

Thobf,  Richabd  Fbmwicb. —Elected 
an  Associate  Uember,  355. 

TiSRNAN,  Adbtin  Kiho. -Elected  an 
ABBOciate  Member,  356. 

Tiobb,  Jambs  LAWBrauB.  — Trans- 
ferred to  Grade  of  Member,  246, 

TlLDEN,  C.  J.— Correspondence  by, 
214. 

TtNoixi,  Obobob  Cubtis.— Death 
aunonnced.  309. 

TreaBiirer.— Beport  of,  16,44.61. 

Tbeitbb,  OnsTATAnouB.— Elected  a 
Member,  160. 
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SI. 
TsDii,  TiAO. — Tianaferred  to  Grade  of 

Mamber,  131. 
Tdcsrb,  Heukah  Fbuhuh. — Elected 

aD  &a«oaUte  Member,  18tj. 
TuLLOOK,      Aiionzo     J.— Death     an- 

noDDced,  SOD. 
To»««k,  O.  A.  P.— Paper  by,  *87. 
TcBNEB,  WiLxiB  TuBBs.  —  uleoled  an 

Aaaociats  Member,  468. 

Dkbieid,    CaixL-KS   Hbhkt.— TraDK- 

ferred    to    Grade    of    Aaaociato 

Member,  813. 
Daioti     Engioeerii^     Bailding    Ste 

Joint  Engineering  BiiildiD)|. 
Universal    Eipoaition,    St.  Loois. — 

Memberii  of  Committee  on,  G. 

ViH  Aiarmm,  H.  A.— On  Nomiuatiog 

Committee,  44,  S3. 
Vim  Di  Qbbth,  EhoblBbbt. — EUeoted 

aJtmior,  387. 
Tur  Cleve,  Aasok  HomcLL.— Tdliib- 

feiTbd  to  Omde  of  Member,  386. 
YiK    HoBMS,    John    G.— Appointed 

Teller  to  Ganvaaa  Ballot  lor  Pro- 

poaed  Union  Eiwneering  Build- 

■"T.  129. 


VnnoH.  Thomas  MaoIntiu.— Elected 
an  Aaaooiate  Member,  47. 

VoTitow.  Const ANTiHE  Bobisson. — 
— Elected  an  Assooinle  Member, 
308. 

Waohtbb.  Chablbb  Ldoab.— Elected 
an  AsxDciate  Member,  36S. 

Waghui,  Samdbi.  ToBiAfl.— Appointed 
TelUr  to  CaoTasa  Ballot  for  Pro- 
posed Union  Engineering  Bnild- 
iQg,  130;  On  Committee  to  Rec- 
orameod  the  Award  of  Prizes, 
S15:  Paper  by,  SOS;  DiscoBsion 
by.  488. 

Wait.  Gwi  B  — Correspondenae  bj, 
214. 

Waixbb,  C1.B1IENT  Llaac. — TraoB- 
ferred  to  Gniile  "f  Member,  313. 

WAi.iBft,  Obobob  Johnson. — Elected 
u  Junior,  4(19. 


WALEEO. 

Walxxb,    J  amis    Wilboh    Gnms. — 

Elected  a  Member,  365. 
WAi.UkCB,  Hasotji    Uuieb. —Elected 

a  Member,  488. 
Waixaob,Jo&h  p.— On  Oommittee  on 

Univerwl  EipositioD,   St.  Loois, 

6;  On  Committee  on  Entertain - 

m«nt  of  English  Engineers.  317. 
"WbIwotUi  Sewer,  Cleveland,  Ohio, 

The,"  presented,  387. 
W*M>,C.  U.-PBperby,  ai4;  Disca*- 

•ion  by,  314. 
Wabmam,      Fbsdbrick      Cokovbb.— 

Tranafcrted  to  Gradeof  Member, 

213. 
Watson,     Wai.isb.— Correspondence 

by.  132. 
Waiboh,    Wilijak     p.— Conrespon- 

deoce  by,  132. 
Wkbb.  Wai^sb  Lobino.— Transferred 

to  Grade  of  Member.  213. 
W^WTBB,  GioBOE  S.—Eleoled  a  Di- 
rector. IS,  8Ji  On   Committee  of 

Ai^ingements  for  Annual  Meet- 
ing, 4Ut. 
Wbouanh,  Edvabd.— Discussion  by, 

aii  307. 
Wbbt,      Ohoab      J  *ji».— Elected      a 

Member.  313. 
WwTON,  E.  8.  -  Discnasion  by,  244. 
Wkbtotbb,    Hkhrt     Chmbtopbib.— 

Elected  a  Janior,  387. 
Wbkbleb,  Edwabd  Ti(Q£. — Elected  a 

Member,  488. 
Whibuiian,   J.    p.— Discussion    by, 

314. 
Wbitbbci,    Lei     Fieu>.— Elected    a 

J  a  Dior,  489. 
Whitb,   Fsani  Gbobqe. — Elected  an 

Associate  Member.  489. 
White,   Jamss   Gh^bcbi.— Elected  a 

Member,  130. 
White,  Utr  Wiujam. — Speech atBan- 

Xiat  to  English  Eagineers,  393; 
ddrest  by.  426,  44n,  45S. 
Wbttfieu).  Jaheb  Edwabd.— Elected 

a  Member,  130. 
WHrrTBKOBi,   D.   J.— On  Committee 
I  Entertainment  of  English  En- 


gint 


1.  217. 


WicEEs.  JosKPH  Lbb.— Elected  an 
Associate  Member,  130. 

WiLcocK,  Fbedebick.— Discusaionbj, 
354. 

WiLOoi,  FnAMi  LiBUE  —Elected  a 
Member,  309. 

Wild,  Hbbbebt  Jobeph.— Paper  bj, 
130;  Elected  an  Associate  Mem- 
ber, 166. 
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WILEY.  WOOD. 

Waxi,  Wnjun  H.— On   Committw  Wood,  Whttbbof  Bamiti.— Eleotod 

on    EDUrtUDment    of    EnglUli  ao  AMooiate  Member,  1S6. 

Engineen,  317.  Woodibd,  Bilam  H.—Faper  bj,  911; 

WiLoot,  Hkbskbt  Smdowiok. — Tnni-  Tiaaattmd  to  Onde  orMember, 

lened     to  Grade    of    Aasooiate  386. 

Member,  386.  Wooduu,  Wilkih.— Elected  kti  Aaso- 

WiLon,    Wnxim    J.— On    Finance  date  Hember,  313. 

CoBmittee,19;OnCoiiin]itiMon  Woods,  Akdbsw  Alvkbd,  Ji.— Eleot- 

EnkTtauuneat  of  EDglish  Engi-  ed  an  Araociate  Ucmber,  913. 

Mere,  217.  Woicxbtkr,  /.  B.— On  Committee  on 

WuLUMB,     CaLBLXB     PixiM. — Tntiii-  ConoTcte     and      St«el-Concret«, 

brred  to  Onde  of  Member,  3B6.  2461  CorTespondsnoe  hj,  3U. 

ViLLUMB,  G.  S.— Diiouiiioa  b;,  313.  Wobthinotoh,        Charle*.  —  Corie- 

Vajjum,  PiBLKT  LycDBaDB.— Elect-  apondence  bj,  364. 

cd  an  AnBOciate  Member,  308.  Wbioht,  Jobeph.— Elected  an  Aaao- 

WiLLUKH,    WtiTBB    Scott.— Elected  date  Mamber,  489. 

ui  Associate  Member.  166. 

Wnwii.  ETBum  Bbookau.— Trana-  TAiEi,    WiuJUf    Hbhbt.— Elected  a 

ferred  to  Grade  of  Member,  489.  Jnnior,  47. 

Vm.  Colin  BuD.—Eiecled  a  Mem-  Yoroo,   Eddi    Elbebi.— Elected    an 

ber,  166.  Aaaooiate  Member.  9. 
WmCKK.  JovapH   FautEuH. — Elected 

a  Hembei,  312,  Zim,    Oaoaaa   Abtbdb.— Elected  a 

Wolf,   Jductb     Hbhiuh     QioBoa.—  Member,  46. 

IVauafarred  to  Giade  of  Member,  Zobk,  OaoBoa  WiMwavroK. — EUeoUd 

167.  an  Aaacniate  Member,  489. 
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■   I  5^  3. 0  .  3  ?e.  I  0  Hapwrd  OoUege  LlbMir 
Deo.  11,  1017.     ■ 
•  Gift  of 

*  H.  H.  Carter, 

OfBrookline. 

Immran  mdttn  of  A)trtl  fnptun. 

OFFICERS   FOR   1904. 

Prttidenl.  CHASLBS  HEBMAKT. 
Vtce-Prttldtiilt. 
Term  txpiret  JanaaTy,  130S:  Toth  expinM  January,  lais: 

h.  F.  Q.  BOtrSCAKEN,  F.  S.  CUKTI8, 

JAMES  D.  8CHUYLEB.  B.  L,  F.  DETO. 

Secrttary,  CHARLES  WARREN  HUNT. 
TVcanirer,  JOSEPH  U.  KMAP. 
Direetort. 
Ttrm  txpirt*  Januorv,  licrm  expira  January,  Term  czpfrei  Januarir, 

I»03:  ilM;  1*07.- 

RICHARD  B.  BUCK.  ALFRED  CRAVEN,  CHARLES  B.  OOWEN. 

OEOROE  a.  FEQRAH.  JOSEPH  O.  OSGOOD,  N.  P.  LEWIS, 

WILLIAM  J.  WILOU8,  OEOROE  8.  DAV180H  JOHN  W.  ELLIS, 

WILLIAM  JACKSON,  E.  C.  LEWIS,  OEOROE  8.  WEBSTER, 

EDHUND  F.  VAN  H0E8EN,        BUNTER  McDONALD.  RALPH  HODJESKL 

JAMES  L.  FBAZ1ER.  ELWOOD  HEAD.  CHARLES  D.  MARX. 

A-Ulant  Secretary,  T,  J.  McMINN. 


Standing    Committees. 

Taa  PsmiDDiT  or  thb  Socikty  is  tx-oj/lclo  Hbmber  or  ill  Comirmis. 
On  ^nance:  On  PubUcaUotu:  On  Librvrs; 

8.  L.  F.  DETO,  QEORGE  H.  PEORAM,  N.P.LEWIS, 

L.  F.  O.  BOUSCAREN.  ALFRED  CRAVEN,  WILLIAM  JACKSON. 

RICHARD  8.  BUCK,  JOSEPH  O.  OSGOOD,  E.  C.  LEWIS, 
WILLIAM  J.  WILGUS. 
CHARLES  B.  GOWEH, 


Special   Oommitteefi. 

Oh  UinroBif  Tnrs  or  Cdiwt  ;— OeoTfce  8.  WebMer.  OeorBc  F.  Swalo,  Alfrsd  NobJe. 
W.  B,  W.  Howe,  LouU  C.  Babla,  S.  B.  Neirberrr.  CUIIord  Bicbardaon. 
Rlcbard  L.   Humphrey,  F.  H.  Lewie. 

Olt  RiiL  SiunoitB :— 0.  Boiucaren,  C.  W.  Buchbolz,  8.  M.  FeltOD.  Robert  W,  Hunt, 
John  D.  bucs,  Hlchard  Montfort,  H.  G.  Praut,  Joaepb  T.  RldwrdB,  Ferciral  Roberta,  Jr. , 
George  E.  Thaoknr,  Edmund  K.  Tarner,  William  R.  Webster. 


The  House  of  the  Soclet;  Is  open  from  S  i.u.  to  10  P.M.  OTery  day,  eicept  Stmdafi, 
Tourtb  ot  July,  ThsnbglTing  Day  and  Ctarlstnua  Day. 

Htnm  or  tarn  SoomT— 330  Wan  Fum^smrrB  Snm,  Nnr  You. 
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Vol.  XXX.  JANUARY,  1©04. 


AUEBIOAN  SOCIETT  OF  CIVIL  EUTGINIXBB, 

INSTITUTED    IBEI. 


PROCEEDINQS. 


SOCIETY  AFFAIRS. 

CONTENTS: 

OfUie  8ocltXy~J»aaury  Btb.  19IM 

Oia^Boardot  Direction.  Janiury  Sth,  1004 


Hours  durtnc  which  tlie  Society  Houae  it  open. . . 

AiuiDarConveDVion,  iW4., 

Unirsi^  BxHiritloa.St.I^(B,lW>t 

iBtemstkinal  EagineAiiag  CoDgreoa 

Bearcbeatn  tbeUbnu? 

.BDoal  Beportt: 

Of  t^  BoATd  Of  Dlrectloo. 


AeewloM  to  the  Library: 

Donations 

By  purcbaoe. 


(AddlUotis,  Re^Knatioos,  Deatlui,. 
Ids  Artlolw  of  Intervflt 


MINUTES  OF  MEETINOS. 
OF  1116  SOCIETY. 


Janttuy  6th,  1904.— The  meeting  waa  called  to  orAer  at  8.46  P,  u. , 
Prandent  Noble  in  the  chair;  Cbarlee  Warren  Hunt,  8ecretat7;  and 
present,  also,  143  members  and  tO  gaeats. 

The  minateB  of  the  meetings  of  December  2d  and  16th,  1903,  were 
approred  aa  printed  in  th£  Proceedingt  for  December,  1903. 

A  paper,  entitled  "  Theory  of  the  Spherical  Dome  with  a  Homo- 
geneom  Surface,  and  of  the  Framed  Dome;  Also  Notes  on  the  Con- 
•tmctioii  of  Masonry  and  Uetal  Domea,"  by  £.  Schmitt,  Aaeoe.  H. 
Am.  Soc  C.  E.,  was  presented  by  the  anthoT  and  illnetrated  with 


b,Cooglc 


X  HINDTBB    OF  UBETIKGB.  [Sodet; 

lantern  elidee.      A  communication  on  the  paper,   from  Irving  P. 
Ohurch,  Assoc.  Am.  8oc.  C,  E,,  was  presented  by  the  Secretary. 

Ballots  for  membership  were  oanTossed,  and  tlie  following  candi- 
dates elected : 

As  Meubebs. 
BtOHABD  Pabkhobst  Blobs,  Uechanicsville,  N.  Y. 
3ambb  Fbahciu  Case,  Manila,  Philippine  laUnds. 
Hbhby  Fbbdgbic'k  Dose,  New  York  City. 
Habbiboh  Soudbb,  JohnHtown,  Pa. 

As  Associate  Membebb. 
Fbbdbrick  Wsttnet  Adoate,  Omaha,  Nebr. 
Habou>  Kilbbbtb  Babbows,  Burlington,  Vt. 
Hbbbbbt  NioboiiS  Cole,  Milwaukee,  Wis. 
Noah  CmuoNos,  New  York  City. 
Ahdbbw  Daniel  Fvlleb,  Boston,  Mass. 
John  Bowobth  Rainbow,  New  York  City. 
EtTOEKE  Febonneau  Boondby,  Utica,  N.  Y. 
Eddy  Elbebt  Yorno,  New  York  City. 

As  AseocuiB. 
Safpobd  Kinkeas  Colby,  New  York  City. 

The  Secretary  announced  the  transfer  of  the  following  oandidstes, 
by  the  Board  of  Direction,  on  January  6th,  1904,  from  the  grade  of 
Associate  Member  to  the  grade  of  Member: 

As  Meubebs. 
Edwih  James  Beoolbb,  Boston,  Mass, 
Ebhest  Henby  Bbownbll,  Portsmouth,  N,  H. 
James  BrnnEN,  Troy,  N.  Y. 
Leonard  Mabtih  Cox,  Sparrows  Point,  Md. 
Fbederic  Habold  Fay,  Boston,  Mass. 
Clabbncb  Willum  Hubbell,  Detroit,  Mich. 
Jduan  de  BBtTYN  Eops,  Savannah,  Qa. 
Charles  Adbiancb  Mead,  Upper  Montolair,  N.  J. 
BCDOLPH  Philip  Milleb,  New  York  City. 
Charles  Hamilton  Mitchell,  Niagara  Falls,  Ont.,  Canada. 
Abthob  Mabqcis  ScBiPTURE,  New  Hartford,  N.  Y. 

The  Secretary  announced  the  election  of  the  foUowing  candidates 
by  the  Board  of  DirectiOD,  on  January  5th,  1904: 
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Ab  Jdniobs. 
Wai/tbb  JjOBina  AsTBowt,  Providence,  B.  L 
BAI.PH  Hamun,  New  York  City. 
Obobqs  OauiAohsb  Hopkins,  Jr.,  Brooklyn,  N.  Y. 
LxBOT  LiTrriiZFiXLD  Hunter,  Fittebarg,  Pa. 
BouDCioi  Gaob  Lr&eb,  Ft.  Worth,  Tex. 
HxRBT  UcBtjbhzt,  Philadelphia,  Pa. 

Tha  Secretary  annonnced  the  following  deaths: 
Jmra  Ftikb  Boaabt,  elected  Junior  January  4th,  1882;  Member  Jnly 

3d,  1896;  died  December  24th,  1903. 
Edwabd  Bbbh&bd  Itbs,  elected  Member  April  6th,  1898;  died  December 

30th,  1903. 
Cube  Fishxb,  elected  Member  October  19tb,  1870;  died  December 

3l8t,  1903. 

The  Secretary  annonnced  the  details  of  the  programme  of  the 
Annual  Meeting.  * 

Adjoorned. 

Jannary  jotb,  I904-— The  minntea  of  thia,  the  Annual  Meeting, 
will  be  printed  in  the  Proceedings  for  Febrnary,  1904. 

OP  THE  BOARD  OP  DIRECTION. 

•      (Abstract.} 

Junary  stli,  I904'— 8.30  f.  m.— President  Noble  in  the  Chair; 
Chaa.  Warren  Gnat,  Secretary;  and  present,  also,  Messrs.  Craven, 
Cioes,  Freeman,  Jackson,  Enichling,  Osgood,  Pegram,  Schneider  and 

A  report  was  received  from  a  Special  Committee,  recommending 
that  this  Society  undertake  the  organization  and  management  of  an 
bitemational  En^neering  Congress,  to  be  held  in  St.  Lonis  during  the 
veek  beginning  October  3d,  1904.  The  recommendation  of  the 
Committee  was  adopted  as  the  action  of  the  Board. 

The  Annnal  Report  of  the  Board  to  the  Society  was  adopted. 

The  following  report  was  received: 
"To  THE  BoAKD  OF  DiBBonoN, 

AjtSBtCAx  Society  of  Crvn.  Enqineebs: 

"The  Committee  appointed  to  recommend  the  award  of  prizes  for 
papers  in  Trtmtactions  tor  the  year  ending  Jnly,  1903,  respeotfally 
Dukkee  the  following  report: 

"Tonr  Committee  having  carefully  considered  all  of  the  papers  in 
Tolomes  XLIX  and  Ii  of  Trantaclions  recommends  that  no  award  of 
The  Norman  Medal  be  made  this  year. 


b,Cooglc 


4  BINPTE8  OP  MEETINGS.  [Bocietj 

"  The  Committee  rdcommenda  that  The  Thomas  Fitcb  Bowland 
Prize  be  awarded  to  Paper  No.  954,  ■  The  Filtration  Works  gf  the 
East  Jersey  Water  Gompanv,  at  Little  Falls,  New  Jersej,'  bj  Qeorge 
W.  Fuller,  Assoc.  M.  Am.  Soc.  C.  E. 

"  The  Committee  further  recommeDds  that  The  Collingwood  Prize 
for  Juniors  be  awarded  to  Paper  No.  939.  '  The  Footbridge  for  Bnild- 
ing  the  Cables  of  the  New  East  Biver  Bridge,' bj  Isaac  Harby,  Jan. 
Am.  Soc.  C.  E. 

"  All  of  which  is  respectfwlly  submitted. 

"  Mansfield  Mebrimah, 
"  E.  P.  Dawlkt, 

"  W,   ElBBSTES, 

"  Commiltee. 
"  December  5tb,  1903." 

The  reoommendations  of  the  Committee  were  adopted  as  the  action 
of  the  Board. 

Letters  were  presented  from  the  American  Society  of  Mechanical 
Engineers,  and  the  American  Institute  of  Electrical  Engineers,  stating 
that  they  had  arranged  to  establish  headquarters  in  the  Machinery 
Hall  ^nilding,  and  Electricity  Building,  respectively,  and  iuvitiiig 
the  members  of  this  Society  to  avail  themselves  of  theae  headquarters. 

The  following  resign ations  were  aooepted,  taking  effect  December 
SlBt,  1903: 

James  Imbrie  Miller,  Jacob  Herbert  Sawyer,  Harry  Van  Vleok 
Oifford,  Henry  Oarfield  Perring. 

J.  L.  Van  Omnm,  M.  Am.  Soc.  C.  £.,  was  added  to  the  Committee 
of  the  Society  in  charge  of  the  Society's  exhibit  and  headqnarters  for 
engineers  at  St.  Louis.  * 

Argaments  for  and  against  the  joining  of  this  Society  in  the  proposed 
Union  Engineering  Bnilding,  for  presentation  to  the  Annual  Meeting, 
were  considered. 

Applications  were  considered  and  other  routine  business  transacted. 

Eleven  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  six  candidates  for  Jnnior  were  elected  * 
*  See  pages  2  and  8. 
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ANNOUNCEMENTS. 


The  Honsa  of  tb«  Society  U  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  SundBys,  Fourth  of  July,  ThanksslvlDC  Day  and 
UrtatinaB  D«y. 

MEETINOS. 

WedoHday,  February  3d,  1904.— 8.80  p.  h. — A  regular  basinees 
meeting  will  b«  held.  Ballots  for  memberehip  will  be  canvaeaed,  and 
»  paper,  entitled  "  Method  Used  bj  the  Bailroad  CommiBaion,  of 
TeuB,  inYalning  Bailroad  Fropertiea,  Under  the  Stock  and  Bond 
Ia*,"  b;  B.  A.  Thompson,  Assoc.  H.  Am.  Soc.  G.  E.,  will  be  presented 
tot  discnseion. 

Tbis  paper  is  printed  in  this  number  of  Proceedingt. 

Wedneaday,  February  iTtb,  1904 — B.80  p.  H.--At  tbis  meeting  a 
piper,  entitled  "  Freezing  as  an  Aid  to  Eioavation  in  Unstable  Ua- 
tflrial,"  by  Jamae  H,  Brace,  Asaoc.  M.  Am,  800.  C.  E.,  will  bo  pre- 
unted  tor  discneaion. 

This  paper  is  printed  in  tbis  nnmbet  of  Proceedings. 

ANNUAL  CONVENTION.  1904. 

The  Thirty-Birth  Annual  Convention  will  be  held  at  St.  Louis,  Mo., 
dnring  the  week  beginning  October  3d,  1904, 

A  Committee  of  the  Board  of  Direction  is  now  arranging  a  pro- 
gnmme,  with  a  view  to  making  tkis  Convention  an  International  Meet- 
ing ol  Engineers,  for  the  presentation  and  discnssion  of  timely  sub- 
jects of  professional  interest. 

As  the  detaib  of  the  arrangements  are  developed,  they  will  be 
announced  in  Proceedings. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  i9o4. 

The  Society  has  undertaken  to  provide  for  an  engineering  exhibit, 
uid  the  establishment  of  Headquarters  for  visiting  engineers,  and  the 
Board  of  Direction  has  appropriated  suilicient  funds  to  defray  the 
neoessftry  eipense. 

This  matter  is  in  the  hands  of  the  following  Committee: 

BoBKBT  MooBB,  M.  Am.  Soc.  C.  E.,  St.  Louis,  Mo.,  Chairman. 

GowABnG.  Castbb,  M.  Am.  Hoc.  C.  E.,  Chicago,  HI. 

MoKDBCAi  T.  ExDioorr,  U.  Am,  Soc.  C.  E.,  Washington,  D.  C. 

JakbsL.  Fk&zikb,  "  "        Frankfort,  Ind. 

WnjjAM  Jacehon,  "  "        Boston,  Mass. 

EmL  KmoHUNG,  "  "        New  York,  N.  Y. 

J.  L.  TiH  Obnum,  "  "        St.  Lonis,  Mo. 

Jobs  F.  Wai^acb,  "  "        Chicago,  111. 

H.  J,  Ffeifeb,  Assoc.  M.  Am.  800.  C.  E.,  St.  Louis,  Mo,,  Secretary, 
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INTERNATIONAL  ENQINEERINU  CONQRBSS. 

The  Board  ot  Direction  hae  decided  to  organize  and  oondnct  an 
International  Engineering  Gongrew,  to  be  held  in  St.  Louis,  Mo., 
during  the  week  beginning  October  3d,  1901.  A  committee  appointed 
for  the  purpose  has  formulated  a  general  plan  for  this  Congress,  the 
BBBential  features  of  which  are  as  follows: 

A  number  of  enbjecte  of  lire  interest  have  been  ohoaen  and  on  each 
of  these,  a  specialist  is  to  be  selected  in  America,  and  as  tar  as  possible 
in  each  foreign  country,  and  asked  to  contribute  a  paper  giving  a 
Buccinctreviewot  the  progress  in  this  special  bran  oh  of  Civil  Engineer- 
ing, during  the  past  ten  jears,  with  a  sammary  of  present  practice. 

These  papers  will  be  printed  in  advance,  and  each  subject  will  be 
open  to  discussion  at  the  Congress,  at  whiob  no  papers  will  be  read. 
The  papers,  together  with  the  discussion  upon  them,  will  be  collated 
and  published  in  one  or  more  volumes,  which  will  be  furnished  free  of 
charge  to  each  Member  of  the  Society,  and  to  such  other  persons  as 
beoome  Members  of  the  Congress  bj  the  payment  of  96. 

Already  the  acceptances  of  the  invitatiooB  to  prepare  papers  issned 
by  the  Committee  indicate  a  gratifying  interest,  and  a  large  attendance 
is  expected,  inasmuch  as  the  Society  Convention  will  be  held  at  the 
same  date,  and  the  expected  visit  of  Members  of  the  Institution  of 
Civil  Engineers  of  Great  Britain  will  be  so  timed  that  all  wbo  visit  us 
in  the  Society  House  in  New  York  will  have  an  opportunity  to  attend. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
searches  have  been  made,  and  bibliographies  and  other  information  on 
special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed 
frequently,  and  leaves  little  doabt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  coat  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  fa- 
miliar with  the  Library. 

Copies  of  all  lista  of  references  are  filed,  so  that  in  many  cases  it 
is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the  oost 
of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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ANNUAL  REPORT  OF  THE  BOARD  OF  DIRECTION  FOR  THE 
YEAR  ENDING  DECEMBER  Slsr,  1908. 

PRBSKSTBD  AT  TBI  AKHtTAI.  MBBTDia,  JaNUABY  2I>TH,  1904. 

The  Boftrd  of  Direotioa,  in  compliance  vith  the  Constitution  of  the 
Societj,  presents  its  report  for  the  year  ending  December  Slat,  19(3. 

MEMBERSHIP. 

The  cfaaages  in  membership  axe  shown  in  the  foUoving  tftbl»: 


. _,^  Uemberaand  2  Jimioiv. 

T I  AwodKte  and  81  Jnulore. 
ttJnnlon 

It  will  be  Been  that  the  net  iacreaae  during  the  year  was  212,  which 
11  the  largest  jearlj'  increase  in  the  history  of  the  Societj.  Previons, 
to  1899,  the  jeorlj  increase  reached  100  in  fonr  cases  onl j,  no  two  of 
which  were  consecntive;  since  that  date,  the  net  yearly  increase  has 
beea  as  follows: 

1899 103 

1900 138 

1901 190 

1902 185 

1903 212 

Total  net  increase  for  five  years 828 

Average  net  yearly  increase  for  the  past  five  years. .  166 
Average  net  yearly  increase  from  1669  to  1896,  in- 

closive 62 

The  total  nnmber  of  applications  received  during  the  year  was 
182. 
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The  Board  hae  taken  action  as  follows; 

Fasaed  to  ballot  as  Member 

Passed  to  ballot  as  Associate  Member 

Passed  to  ballot  as  Associate 

Transferred  from  Associate  Member  to  Member. . 

Elected  Associate 

Elected  Junior. 


Total 

Applications  now  awaiting  action. . 


In  explanation  of  the  foregoing  fignres,  it  should  be  stated  that 
an  amendment  to  the  Constitntion,  which  became  operative  on 
Morember  6th,  1903,  places  the  responsibility  for  transfers  from  all 
grades,  except  that  of  Junior,  in  the  hands  of  the  Board.  The  time 
has  been  short  since  this  amendment  went  into  effect,  but  the  Bo«ud 
wishes  to  state  that  at  least  one  of  its  provisions,  nnder  whioh  all 
applioatioDs  are  presented  for  admisHion  and  not  for  a  particalar 
grade,  has  alreadj  demonstrated  great  improvement  over  the  old 
method;  the  opinions  of  members,  whether  endorsers  or  not,  are  now 
unhampered  bj  the  fact  that  applicants  have  applied  for  a  partioular 
rating,  and  are  given  much  more  freelj. 

The  losses  by  death  reported  during  the  year  number  36.  They 
are  as  follows : 

Members:  Sylvanus  Thayer  Abert,  Frederick  Winn  Bond,  William 
Warren  Card,  Charles  Frederick  Ihinham,  William  Buel  Franklin, 
Alphonse  Fteley,  Estevan  Antonio  Fnertes,  Charles  Ezra  Oreene, 
Edvard  Appleton  Oreene,  George  Richard  sod  Hardy,  Edward 
Bernard  Ives,  Charles  Andrews  Enowlton,  Edmund  Dorman  Idbby, 
Charles  Cyril  Martin,  George  Shattuck  Morison,  Henry  Grant  Uoree, 
Cornelius  Palmer,  John  Aostin  Patterson,  Watson  Wellman  Rich, 
Alfred  L.  Rives,  Elnatban  Sweet,  William  George  McNeill  Thomp- 
son, Robert  Henry  Thurston,  Eugene  Yanderpool,  Beuel  Willard 
Ware. 

Associate  Members:  John  Walker  Barriger,  Jr.,  Robert  Delano 
Gushing,  Robert  Blum  Olney. 

AsBociates:  John  Elfreth  Watkins. 

Juniors:  Benjanmi  Harrison  Flynn,  Norman  Smith  Latham. 

Fellows:  Viator  M.  Clement,  Walter  S.  Gomee,  Benjamin  Franklin 
Jones,  William  Johnston  Taylor. 
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LIBRARY. 

to  the  Library  during  the  year  are  show 
foUowJDg  table: 

AcoBSSiOHB  Ddbiko  the  Yeab  1903. 

Maps,  PI 
UDbaimd       Rpecllica- twTKphRi 


Donations — 
In  aoBwer  to  epoci&l 

requests 457 

From  pnblisbere 78 

Eng.  Kewe  Pub.  Co  - .  54 

Hunmond  Bequest. . .  55 

lareffularooarBe....  S62 

Eicbu^  of  dnplicatee.  97 

By  ptucbue 159 


IDr»» 


Totals 1  252  2  181  205  312  S  »50 

Iq  kddition  to  the  above,  there  bave  been  received  652  duplicates, 
uid  38  separate  numbers  to  oomplete  files  of  periodicals,  neither  of 
vbicb  can  appear  as  accessions. 
The  Library  now  contains: 

Bonnd  volumes 12  582 

Unbound  volumes 26  907 

Specifications 6  863 

Uaps,  photographs  and  drawin  gs 3  312 

Total 47  66*» 

The  total  number  of  titles  in  the  Library  is  19  853. 

During  the  year,  228  volumes  have  been  bound,  and  29  bonnd 
Tolnmes  which  were  dnplicates  were  received  and  have  replaced  pre- 
Tionsly  unbound  volumes. 

The  following  amounts  have  been  expended  upon  the  labrary 
daring  the  year: 

Purchase  of  boobs,  188  volumes 8636.33 

Express  charges,  etc 42.54 

Binding  228  volumes 260. 15 

Fixtures  and  supplies 4.71 


Total.. 


>I  •cceaalona  to  dal«  li  M  647.  luftsmuch  m  B  8RS  pamphlets  are 
lier  pamphlets,  and  each  such  Tolunie  can  be  glreu  In  the  above 
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The  value  of  the  aoceesioiis  to  the  Library  during  the  year  ia  as 
follows,  each  aooeBaion  having  been  valued  eeparately,  as  received: 
3  762  DoDatione     and     exohangee    (estimated 

value) (2  121 .  II 

186  Tolnmea  purchased  (cost) 636 .38 

Binding  226  volumes 260  16 

Total $3  017.69 

The  attendance  at  the  Library  has  increased  materially  during  the 

year,  and  a  nnmber  of  searohes  have  been  made  for  members  who 

could  not  consult  the  Library  in  person. 

Duringtheyear,  the  second  volume  of  the  Gatalog^ne  of  the  Library 

was  prepared  and  published. 

PUBLICATIONS. 

Daring  the  year  the  nsnal  ten  numbers  of  Proceedingt  and  two 
volumes  of  TraHiariions  have  appeared. 

In  the  Proceedingt,  the  list  of  references  to  current  engineering 
literature  has  covered  61  pages,  containing  3  489  classified  references 
to  65  periodicals. 

The  stock  of  the  various  publications  of  the  Society,  kept  on  hand 
for  the  convenience  of  members  and  othen,  now  amounts  to  121  753 
copies,  the  coat  of  which  to  the  Society,  for  paper  and  preaswork 
only,  has  been  £U  401.86. 

During  the  year,  3  895  volumea  of  the  Society  publications  have 
been  bound,  for  members  and  others,  in  the  standard  half -morocco  or 
cloth  bindings. 

The  extra  publications  during  the  year  have  been:  VoL  2  of  the 
Catalogue  of  the  Library;  an  advance  issue  of  the  "  Report  in  Full  of 
the  Annual  Convention";  a  pamphlet  entitled  "The  House  of  the 
American  Society  of  Civil  Engineers";  and  eirculars  relating  to  a 
proposed  Union  Engineering  Building. 

StnoiAST  OF  PuBLiCA.TioNa  roB  1903. 

lunad.  EditloQ.  Total  Pas«a.  PUMa.        Culs. 

3V<»i«ac(MMW (Volumes)*..  2  3  200      1  005  54  172 

Proceedingt     (Monthly 

Numbera)** 10  3  276      1  717  67  247 

Advance  copy  of  Report 

of  Convention 1  3000  80        

Constitution  and  List  of 

Uembera 1  3  600  213        ....  1 

Catalogue  of  Library 1  3  20O  293        

Society  House  Pamphlet.  1  3  200  21  15         

Totals 16  3  329  136  420 
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The  coat  of  publications  h&s  been: 
For  Paper,  Printing,    Binding,   etc.,    TransacHtmn   and 

Proaedingt J9  8U.88 

For  Plates  Md  Cuts 1451.60 

For  Boiea,  Mailing  LietB,  Copyright  and   Snndry  £x- 

pensee 889.27 

For  CommissioD  on  Advertise  men  tB 182  98 

For  13  026  eopiea  of  Memoirs  and  Papers 944.46 

For  List  of  Members 897.57 

For  Library  Catalogue 1  378.30 

For  Society  House  Pamphlet 224 .  80 

For  BefandB  of  Payments  for  Advertising 141 .00 

Total »15  424  76 

Deduct  amount  received  for  advertisements.. .  $1201.00 
Dedoct  amonnt  received  tor  sale  of  pnblica- 

tions 2  901 .94 

4  102  94 

Net  cost  of  Publications  for  1903 SH  321.82 

MEETINQS. 

Daring  the  year,  23  meetings  have  been  held,  as  follows:  Annual 
Meeting,  1;  at  the  Annual  Convention,  4;  regular  semi-monthly  meet- 
ings, 18. 

At  these  meetings,  there  vete  presented  20  formal  papers,  4  of 
which  were  illustrated  with  lantern  slides,  and  7  topics  for  informal 
diBCDMion. 

The  Thirty-fifth  Annaal  Oonvention  was  held  at  the  Battery  Park 
Hotel,  AaheTille,  N.  C. ,  at  which  the  registered  attendance  namberod 
122  members  and  133  gnests. 

MEDALS  AND  PRIZES. 

For  the  year  ending  with  the  month  of  July,  1902,  Prizes  were 
awarded  as  follows: 

The  Norman  Medal  to  Oardner  8.  Williams,  M.  Am.  Soc.  C.  E., 
Clarence  W.  Hnbbell,  Assoc.  M.  Am.  8oc.  C.  E.,  and  George  H.  Fen- 
kell,  Jnn.  Am.  Hoc.  C.  £.,  for  their  paper  entitled  "Experiments  at 
Detroit,  Mich.,  on  the  Effect  of  Carvatare  upon  the  Flow  of  Water  in 
Pipes." 

The  Thomas  Fitch  Bowland  Prize  to  William  W.  Harts,  M.  Am. 
Soc.  C.  E.,  for  his  paper  entitled  "Description  of  Coos  Bay,  Oregon, 
and  the  Improvement  of  Its  Entrance  bj  the  Qovernment. " 

No  award  of  the  Collingwood  Prize  for  Juniors  was  made. 
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FINANCES. 


The  atteotion  of  members  is  invited  to  the  Secret&rj's  statement  of 
receipts  And  disburse  meats,  (uid  to  the  general  balanoe  sheet  which 
aooompaniee  it,  in  which  the  very  satisfactory  financial  condition  of 
the  Society  appears. 

CONCLUSION. 

In  concluding  the  report,  the  Board  is  glad  to  be  able  to  summarize 
the  general  condition  of  the  Society  as  satisfactory  in  every  way.  Not- 
withstanding the  payment  of  910  000  of  the  mortgage  indebtedness, 
aad  the  appropriation  and  payment  of  S3  000  to  a  Special  Committee 
tor  the  establiehment  of  an  Engineering  Headquarters  and  an  Engi- 
neering Exhibit  by  the  Society  at  the  St.  Iiouis  Exposition,  the  balance 
on  hand  is  somewhat  larger  than  that  of  last  year.  In  addition  to  this, 
the  Board  has  felt  justified,  after  the  other  National  Elngineering 
Societies  had  declined  to  co- operate  in  the  project,  in  assuming  tbe 
entire  responsibility  for  the  expense  of  holding  an  International  En- 
gineering Congress,  in  connection  with  the  Exposition.  This  Congress 
will  be  held  during  the  week  beginning  October  3d,  1904,  and  the 
visit  of  members  of  the  Institution  of  Civil  Engineers,  which  has  been 
arranged  for,  will  be  so  timed  that,  after  a  brief  stay  in  New  York  as 
the  guests  of  the  Society,  all  who  so  desire  will  be  able  to  attend.  It  is 
hoped  that  all  members  of  the  Society  will  aid  the  Committee  which 
has  been  appointed  by  the  Board  to  organize  and  conduct  this  Con- 
gress. 

The  Board  bos  devoted  much  time  to  the  effort  to  carry  out  the 
instructionB  of  the  Asheville  Convention,  in  the  preparation  of  tbe 
project  for  a  Union  Engineering  Building  for  presentation  to  the 
Society.  Everything  possible  has  been  done  to  place  the  project  on 
such  a  basis  that  all  members  may  have  an  opportunity  to  vote  upon 
it,  and  the  result  will  be  placed  before  this  Annual  Meeting,  together 
with  arguments  for  and  against  participation  by  the  Society.  The 
Board  makes  no  recommendation  in  this  matter,  believing  that  the 
Society  at  la^;e  should  decide  what  is  probably  the  most  important 
question  which  it  has  yet  been  called  upon  to  determine. 

Tbe  reports  of  the  Secretary  and  the  Treasurer  are  appended. 

By  order  of  the  Board  of  Direction. 

CHAS.  WARREN  HUNT, 

Secrelary. 

New  Yobe,  January  6th,  1904. 
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BEPOKT  OF  THE  SECRETARY,  FOR  THE 

To  THB  BOABD  OF  DiBKnOW  OF  THB 

Oentleicen, — I  hare  the  honor  to    present  a  statement  of  Be- 
Deoember  31et,  1903.    I  abo  append  a  general  balance  sheet  showing 
New  Yobk,  Jannat;  5th,  19M. 


Begeefts. 
Balance  on  hand  December  Slat,  1902,  in  Bank 
and  Trast  GompHny  and  in  bands  of  the 

TreaBnrer 

EntfanoeFees 87026.00 

Current  Dues  32980. 86 

Past  Does 1 192 .43 

Advance  Dues 13  281.11 

Certiflcatee  of  Membership 281 .  60 

Badges 1  249.56 

Sales  of  Pablioatione 2  901 .94 

Advertisements 1  201 .00 

Interest 647 .  27 

Library 73,20 

Annual  Meeting 1  042.00 

Binding 3  752 .49 

Misoellaneons 59.88 
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YEAB  ENDINO  DECEMBER  31bt,  1903. 

Akkbican  SodBTT  OF  Civil  Enqinx^b. 

Mipto  and  Disbnniementa  for  the  AscaI  year  of  tb«  Sooiet;,  ending 
the  condition  of  the  affaire  of  the  Society. 
KeBpeotfnlly  submitted, 

CHA8.  WAREEN  HDNT. 

Secretary.    , 

DlSBUBSEXEKTS. 

Ssiaries  of  Officers $8  200.00 

Clerical  Help .^ 9  423. 77 

Caretaking ' 1  794,42 

Publications 16100.78 

Postage 3  436.48 

Geoeml  Printing  and  Stationer; 1  889.62 

Badges 1  112.56 

Certificates  of  Memberehip 208.10 

Binding 2066,60 

Library 943.73 

Maintenance  of  House 542.47 

Heat,  Light  and  Water 1242,14 

Bettermenta 40.00 

rnraitnre 668.34 

Annnal  Meeting 1153.30 

Convention 349.37 

Prizes 146. 10 

AdTBrtiBing  Commisaions 182.98 

InteieBt  and  Insurance 2  400.00 

Loniaiana Pnrohase  Exposition ,  -  -..  3  000.00 

Committee  Work 217.96 

Bond  and  Mortgf^e 10000.00 

Corrent  Bnaineaa 708 .  00 

Engineering  Congreaa 3.74 

Befniub 166,00 

Petty  Expenaea 147.82 

865044.58 

Balance  on  hand,  December  Slet,  1903: 

In  Union  Trast  Company 819  162.60 

In  Garfield  National  Bank 6  743.04 

Li  hands  of  Treasurer 985.00 

26890.54 

$91935.12 
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REPORT  OF  THE  TREAaUREE. 

In  compliBnce  with  the  proviaioDS  of  the  CoDstitation,  the  Treas- 
nrer  presentB  the  [oUowiug  report  tor  the  year  ending  December  31et, 
1903: 

Balance  on  hand  December  31et,  1902 $26  297.39 

Receipts  from  current  sources,  January  lat  to  De- 
cember 3lBt,  1903 " 65  637.73 

Payment  on  audited  vouchers  for  cur- 
rent business,  January  1st  to  De- 
cember 3lat,  1903 852  044.68 

Payment    on    principal    of    Bond    and 

Mortgage '. 10  000.00 

Cosh  advanced  to  Committee  on  Exhibits 
and  Engineering  Headquarters, 
Louisiana  Purchase  Exposition 3  000.00 

Balance  on  band  December  Slst,  1903: 
In  Union  Trust  Company .  »19  162.50 
lu       Oarfleld      National 

Bank 6  743.04 

In  bands  of  the  Treasurer.        985.00 

26  890.54 

£91935.12     S91 935.12 

Respectfully  submitted, 


JOS.  M.  KNAP, 

Treasurer,  Am.  Soc.  C.  E. 


New  Yobs,  January  5tb,  1904. 
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ACCESSIONS  TO  THE    LIBRARY. 

From  December  9th  to  Janaary  I2th,  1!*01. 
DONATIONS.' 


WORM  A^D  »>lltAL  aBARINQ. 
Bt  Prederiok  A.   Halsev. 
Boards,  6x4  ine. ,  90  pp. ,  lUn 
panT,  1903.    50  cents. 


It  b  Hatad  in  tlie  preCace  tbat  Juatlflcation  tor  the  republicallon  ot  the  contents  or 

'k  book  Is  foniid  in  tlie  Btlll  preTaleot  opinion  amonjc  dealgoprs  ot  nuchlnery  th&t 

—  narfng  Is  neceeaniily  ebon  IWed  andol  low  eRICMDc:;,  and  in  the  fact  tbat  tbp 

IsirflsyiDB  out  spiral  gearinB  are  not  ■»  wlddy  understood  aathemerf*    "'  "" 

ceof  tint  form  of  KearinK  make  desirable.     The  aut"— ■•-" ■■--•■ 


■  book  Is  foniid  in  tlie  sUlI  preTalent  opinion  amonjc  i 
irm  marfng  Is  neceeanrily  Miort  IWed  and  ol  low  eRtciei 
Mfaods  irf  Isjuie  out  spiral  Rearing  are  not  u  wlddv  undi       ..     .._ 

of  tint  form  oiKearinK  make  desirable.     The  author  bellpiea 

gearing  Is  wetTtortlned  by  the  collection  o(  (sctB  trom  experience  given 
Id  It  pobitaout  the  procedure  lobe  fallowed  in  order  to  Insure  durabilll;  aad 
v.^.=u..y.  Both  Boalytlcal  and  Brapblcal  methods  of  layiDS  out  spiral  geanog  are 
jtlTHi,  The  SDludons  relate  eicliisltely  to  gears  having  their  shatla  at  right  angles. 
SoDwof  thetAapterbeadlngBsre:  Worm  Gearing;  Theory  ot  Worm  Emciency;  Expfrt- 
menuJ  (JorroboraUoD  ot  the  Theory;  EzamplM  trom  Practice;  Limiting  Speed  and 
Pnoure:  Step  Bearings;  Spiral  Oears  Compared  with  Spur  Uears;  The  Spe«it  Ratio: 
Tbe  imihnlniuy  SoluElon;  The  Iiengths  ot  the  Normal  Helixes;  \  Practical  Example; 
nul  SolutloD  by  CbangiDg  the  Ceoler  Distance;  Finding  the  Pilch  ofthe  Tooth  H^li; 
The  SelKHan  ot  the  Cutter. 

TELEWIONV. 

AUannftl  of  the  Design,  Cooatmctioa,  and  Operation  ot  Telephone 
EichangeB,  In  Six  Parts.  Part  IV.  The  Coustrnction  of  Aerial 
Ijnes.  By  Arthur  Yaughan  Abbott.  Boards,  7  x  B  ins.,  14  +  Wi 
pp.,  illns.    New  York,  McGraw  Publishing  Company,  1903.    81.50. 

it  decrease  In  the  ratio 

_  ..     .     , (JlfTera  radically  from 

lo  deal  with  the  oondltlona  of  the  present,  ulth 

., jrlptlve  matter  which  Is  chleHy  acartemlc  fn  Its 

■ture.  Following  tlte  plan  ot  the  preilous  parts,  the  subject  Is  treatrd  Id  ■  manner 
wludi  It  Is  hoped  witi  beol  value  to  the  man  wliols  bearing  tUe  beat  and  burden  ot  ihe 
dsj,  panicularly  by  supptylDg  much  needed  Intonnatlon  as  to  coaU  ot  construction  anil 
Uwproper  rates  or  maintenance  and  depreciation.    A  specification  1h  framed  on  llriM 

"'''[* it  is  hoped  are  broad  enough  tc "  *""'■ "  — ' .n»-.rt._. 

-..  Introduction;  The  Loaded  LI"-  ' 

itoairength  of  Poles;  Wlro8uppo..= . -™,  .™, ,.%..  „« ^ ., 

DtdnrtHocee  on  Telephone  Lrnes;  SpeclflcatlOD  (or  the  CoDStruction  of  Aerial  Lines, 
Ihwe  Is  an  Index  ot  three  pages. 


A  CALENDAR  OF  INVENTION  AND  DISCOVERY. 

Compiled  by  John  Cassaa  Wait.  Morocco,  6  x  5  ins.,  nnpaged, 
UlnB.  McQraw  Pnblisbing  Company,  New  York,  1903.  Price  of 
doth  copy,  $1.00.     (Donated  by  the  Anthor.) 

Is  Ihls  book  each  page  ot  reading  matter  contains  brief  biographies  of  two  noted 
pvaoni  who  have  contributed  mBtertally  lo  the  Industrial  progress  of  ttie  world,  aud 
Ejns  briefly  the  dlacoverles  or  lurentloos  made  or  great  works  erected  or  created  by 
UMD.  It  also  contaUks  two  to  tour  poetical  quotations,  from  classic  English  literature, 
dfscrfliiitg  or  Ulunrailng  the  sciences,  industrial  aris.  Invention  or  dIscoTery.  The 
nKtlmis  ha*e  been  otaoaeo  and  applied  appropriately  lo  tbelDventor  or  discoverer  or 
loUienibJectln  wblchhewrotightarstuiiled.  At  tlie  bottom  ot  each  page  are  given, 
m  chronolfifiical  order,  the  Important  events  leading  up  to  or  resulting  from  tlie  mven. 
lOD  or  discovery  described.  The  work  is  Intended  as  an  encyclopedia  of  great  men  and 
■Mrdoings.    It  Is  indexed  as  to  poetry,  persons  and  things, 

Ifled  books  la  this  list  have  been  donated  to  the  Library  by 
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FOWLCR-S    ELECTRICAL    ENaiNEER'S    YEAR    BOOK    AND    DIRECTORY    OP 
LIOHT,  POWER.  A  TRACTION  STATIONS.    1904. 

Boards,  6x4  ins.,  539  pp.,  illns.  Manchester,  Scientific  Pnblieh- 
ing  Company.     1  shilling  6  pence,  net. 

sUtutJoD  at  Electrical  Englaeers  rarleed  the  geoera) 

„ -mbodled  In  this  edition  at  the  Tear  Book,  st  are  alaa 

a  Board  of  Trade  ResulatioDS  sad  Statutorjr  Rules,  relatlog  toTramirsyB, 

LIvbt  Ballwap  and  Electric  UghtlnK.  NumerDUHtablcaof  data  have  been  Interpolated, 
wltb  a  view  of  earlcUiiE  tbetext  wblcb  In  many  parts  has  txiea  largely  remrilteD,  as  In 
the  case  of  tbe  Beotiong  oa  "Meaaurlng  InBlmments,"  "Electric  Distribution," 
"  Meura,"  "  inraanxM."  etc..  while  new  matter  oa  PolfpbaBe  TransmlisloD  and  Induo- 
tlon  Motors  Is  mcluded.  Tbe  yearly  revision  hae  been  made  In  the  directory  of  electric 
light,  powpr  and  tractlOD  stations  of  tbe  Unllad  Kingdom,  vhirh  lorms  an  aonually 
Increaslne  section  ot  tbe  book  The  particulars  of  station  plant,  equipment,  and  staff 
of  more  (ban  flie  hundred  InstallatlonsaraglTeu.  and  an  effort  has  been  made  to  bring 
Uie  Inf  ormaCfoD  up  to  date. 

AMERICAN  METER  PRACTICE. 

By  Lyman  G.  Reed.  Cloth,  9x6  ins.,  196  pp.,  illua.  Nev  York, 
McGraw  Publishing  Company,  1903.     «2.00. 

In  this  book  an  elTort  baa  been  made  to  outUoe  the  underlying  principles  of  opera- 
tion and  practice,  BDd  leave  the  minor  detalhito  be  worked  oul '-■— '  — •■■« 

In  descHblDtc  only  a  f ew  meters  tbe  author's  object  la  to  select 

and  represeatative  types.  Chapter  XIII.  on  How  (o  Read  Meters.  Is  Intended  to  IDtereeC 
the  consumer  of  power  who  Is  not  a  tecbnical  man  It  «U]  eoable  him  to  figure  out  and 
check  up  his  meter  hllla.  The  chapter  headings  are:  Measurement  of  Power  hi  Direct 
Current  Circuits;  MeotureioeDtof  Power  la  Aliematlng  Current  Circuits;  Meter  Selec- 
tion: Toraue  aud  Friction;  The  Edison  Chemical  Meter:  The  Thomson  Recording  Watt- 
meter: The  DuQCBD  Recording  Wattmeter  Cor  Alternatlne  Current;  The  Duocao  Watt- 
meter for  Direct  Current;  The  Stanley  Recording  Wattmeter;  TheUiittman  Wattmeter; 
Tbe  Weetinghouse  Induction  Meter;  Qeneral  Management  of  tbe  Meter  Department: 
Records;  Te><ting;  General  Policy;  Reading  Meters;  Value  of  Looses  In  Ueters  Relative 
to  Income;  Differential  Rating;  Clements  ol  Photometry. 

EXPERIMENTAL  RESEARCHES  ON  REINFORCED  CONCRETE. 

By  Armand  ConsidSre.  Translated  and  Arranged  by  Leon  S. 
Moisseiff,  Assoc.  M.  Am.  Soo.  C.  E.  With  an  Introdnction  by  the 
Translator.  Cloth,  9  x  6ins.,  9  + 188  pp.,  illus.  New  York,  McGraw 
Publishing  Company,  1303.     »2.00. 

The  researches,  the  results  of  which  are  glren  In  this  book.  1 

year  IBWt,  and  cover  the  time  from  that  date  to  the  end  of  leoa.    The  Unit  publlnucu 
report  of  the  results  obtained  Is  found  In  a  paper  by  the  experimenter  before  tlie 
French  Academy  of  Sciences  at  the  end  of  1R9S.    as  the  work  tircii.-«»dBd  M.  Conaldare 
published  a  number  of  papers  containing  tb 
of  a  compUatiou  of  theae  publlcatlnnH  arrangfii  aud  cliu 

anltaor'B  wurdlng  aod  Ireatment.  avoiding  at  the  same  ttme  unnecesflsry  repetltlonn. 
The  chapters  of  the  hook,  as  will  be  seen,  follow  hi  general,  the  titles  of  the  BCTeral 
papers  as  they  were  publlsbed.  and  also  Iheir  chronological  order.    This  arratigemeot 


e  in  Bendlae;  The  DelormatlOD 

^  ,- llhangesin  Volume  of  Concrete: 

leaodCompreBslTe  Resistance  of  Coucrete;  Reshitance  ot  CoDcrete  to  Sbearlns 

and  SlldUig:  Effects  ot  Cracks  on  Stresses  and  Deformations;  The  Compressive  Resist- 
ance of  Reinforced  and  Hooped  Concrete. 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK. 

A  Hand-Book  of  Tables,  Formulas  and  Uethods  tor  Engineers, 
Students,  and  Draftsmen.  By  Henry  Harrison  Snplee,  M.  Am.  Soo. 
M.  E.  Leather,  7  X  4  ins.,  12+  834  pp.,  illns.  Philadelphia  and 
London,  J.  B.  Lippinoott  Company,  1904.  $5.60  net.  Without 
thumb  index,  $5.00. 

The  preface  stales  that  tbe  miny  and  varying  rules  and  formulas  In  connectloa 
with  mec^ianical  engineering  have  been  examined,  and  only  those  which,  in  the  Judg- 
ment of  the  author,  are  most  generally  applicable  have  been  given.    As  the  metnc 
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aynemhaa  been  ai 

Domputatloiu  In  the  m 

.    ..    ._ nienaea  lo  De  a  suooeHeor   to  id-    — "' ■-"• 

written  many  j-«ars  uro 
eoDtaimed  hu  iiecD  uUJI 

enKlneertne  problHWani ^ .     __ 

ira;  MaierbUB  Ot  Engineering;    Strength  ot  *.„ „_.    

Water:  Fuel;  Steam;  Steam  Boilers;  Steam  En^nen;  InterDBl-CombuntlOQ  Holo>>. 
Heclric  Power;  The  Cost  of  Power;  Works  ManaeBmeot;  Appendix.  The  Tolum?  Is 
BoppUed  with  B  patent  thumb  index  intended  to  facilitate  relerenoe. 

THE  POLAR  PLANIMBTER  AND  ITS  USE  IN  ENOINeBRINa  CALCULATIONS. 

Together  with  Tsblee,  Diagramn  and  Factors  for  the  Immediate 
AdjnBtmeat  ot  the  loBtrument  for  the  Solution  of  Problems luvolving: 
The  Measurement  of  Liarge  and  Small  Areas,  Average  or  Mean  Height 
of  lodioator  and  Similar  Diagrams,  Determination  of  Centre  of 
Gravity,  Ueoeurement  of  Volumes  of  Railway  and  Canal  Eicavation, 
Volumes  in  Grading  and  Dredging  Operations,  Volumes  in  Eesersoir 
and  Similar  Design  and  Conatruotion,  Quantities  and  Volnmes  of 
Brickwork,  Weights  of  Iron  and  Other  Metals  in  Constrnction, 
Meosnrement  of  Displacement  Diagrams,  etc.,  etc.,  etc.  By  J.  Y. 
Wheatlev.  Cloth,  9x6  ins.,  114  pp.,  illns.  New  York,  Keuflfel  4 
Esser  Go.     S3.00.     (Donated  bj  Carl  M.  Bernegan .) 

The  publication  ol  thli  work  is  the  direct  result  ot  the  author's  experience  at  the 
lime  of  nia  flrst  purchase  of  a  plaulmeter.  as  be  was  unable  to  Ond  anv  treatlie  on  the 
niblect  which  would  rItb  him  the  liitDrmatlon  neceesair  to  malie  an  InteJIlgent  use  of 
(tie  mstmmeDt.  The  led  at  once  to  a  study,  flrat  ot  tjie  tbeor;  of  the  planlmeter,  and 
then  o(  the  engineering  proUems  to  the  BotuUon  of  which  that  theorv  could  be  applied. 

Qifts  have  also  been  received  from  the  following: 

Am.  Inst.  Uln.  Gngre.    I  pun.  New  England  Aasoc.    of   Qas    Eogrn,     I 

Atlantic  Coast  Line  R.  R.  Co.   1  pam.  bouod  vol. 

BInstiamton.  N.  T.— Cltf  Engr.    1  pam.  New  South  Wales— Ky.  CommrB.   I  bound 

Bo(£dd.  Mass.— T^soslt  Comm.    1  bound  vol. 

Tol.  N.  Y.-State  Library.    4  bound  vol. 

BritJdi   Flra   PreTeotioD  Cotnmlttee.     4  Kewlands,  F,  O.    I  pam. 

Oesterr.     Ingenleur.    UDd    Archltelt«D- 

"      In.    Ipf- 


C<ae,W.  V 


Osgood  Dredge  Co.    3  photo. 
Poelsch,  C.  J:    I  vol. 


:hardson,Cliaord, 


Jnnnlngluiin,  A.  C.    1  pam,  Ry.  Signal 

nak.  W.  L.    1  map,  1  pam.  Rlchardsoc 

Follett,W.  W.    atoundvol.  Rutland  B.  b.  "JO.    i  pam. 

OtenC  Britain—Patent  Office.    B  pam..  I  South  Auetralia— Rys.  Commr.    1  pam. 

vol.  ToninduilrieZtitung.      1   bound   vol..    I 
Hendenion,  J.  B.    T  pam.  vol. 

Tiiriiui  jfldland  R;.  Co..  Ltd.    I  pam.  U.  S.  Commr,  of  Sduoatlon.     1  bouad  vol 

~      '    I  pam.  U.  S.  Commr.  of  Navigation.    1  bound  vol. 

D  bound  V.  8.  Oeologlcsl  Survey,    e  bound  vol.,  4 

U.  sTordnance  Dept,    IE  bound  voL 

____>,..]  UUUUU..U  ..J.  ...u.    .pam.  U.  S.  War  Dept.    Is  specif. 

Kt.— Inspector  of  Hinee.    1  bound  vol.  U.  S.  War  Dept.  Lib.    S  bound  vol. 

L&ideiitbal,  Qustav.    Spam.,  8  drawings.  U.  B.  Weather  Bureau.    Ipam. 

Loulon,  Out.— Water  Commn.    1  pam.  Univeralta  Romana.    I  voH 

Loog  Island  R.  R.  Co.    1  pam.  Victoria— Agent  General.    I)  bound. 

Low,  Emile.     I  blue  prtut.  Woddell.  Honlgomery.    1  vol. 

Madras— Pnb.  Works  Dept.    1  pam.  Weetern   Australia— Commr.    ot   Rys.    t 
HMd.  Elwood.    1  pam.  pam. 


BV  PURCHASE. 

Tbe  Electrician :  A  Weekly  lUnatrated  Journal  of  Electrical  £n- 
[ineering.  Industry  and  Science.  Oct.  26,  1901-Dec.  25,  1903.  i  vol. 
iiondon.  1901-08. 
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20  ACCESSIONS   TO   THE    LIBRART.  (Sooietj 

A  Text'Book  ot  Electrical  Machinery.  Vol.  I.  Electric,  Mag- 
netic, and  Electrostatic  Circuits.  Br  Harris  J.  Byan,  M.  Am.  Inst. 
E  K.,  M.  Am.  Soc.  M.  E. ;  Henrj  H.  Norris,  Assoc.  M.  Am.  Inst.  E.  E., 
aad  George  L.  Hoxie,  Assoc.  M.  Am.  Inst.  E.  E.,  Jan.  Am.  Soc.  U. 
E.  New  York.  Jobu  Wilej  &  Sons;  London,  Chapman  &  Hall, 
Limited,  1903. 

Handbuch  der  Incenleurwlssenschatten.  Vol.  I,  Pt.  4.  Dritte 
vermebrte  Auflage.     Leipzig,  Wilhelm  Engelmann,  1903. 

Die  Elsenkooatruktlonen  der  InEenleur-Hochbauten.    Ein  Lehr- 

bucb  znm  Uebrancbe  an  tecbniscben  Hochacbnlen  nnd  in  der 
Praxis.  Von  Max  Foersler.  ErgaDZnngabaQd  zum  Handbuche  der 
Ingenieurwisaenscbaften.  Zweite,  verbesserte  nnd  vermehrte  Auflage. 
Leipzig,  Wilhelm  Engelmann,  1903. 


The  Purlllcatlon  of  Sewage  and  Water.  Bj  W.  J.  Dibdin.  Third 
Edition,  Revised  and  Enlarged.  London,  The  Hanitar;  Pablisbing 
Company,  Limited;  New  York,  D.  Van  Noetrand  Company,  1903. 

Wood.  A  Manual  of  the  Natural  History  and  Industrial  Applica- 
tions ot  the  Timbers  of  Commerce.  By  G.  S.  Bonlger.  London, 
Edward  Arnold,  1902. 


SUMMARY  OF  ACCESSIONS. 

December  9tb,  1903,  to  January  12th,  1904. 

Donations  (inclnding  17  dnplicatea) 136 

By  purchase 11 

Total U7 
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BiTBDEH,  Jamcs.    SLocuBtAve.,  Troy,  1 


AflUn.)  KSUBKBSHIP— ADDITIONS.  21 

MEMBERSHIP. 

ADDITIONS. 

Membenblp. 

BsoaLra,  Edwin  Javes.     Ben.  Engr.,  Th«  Boa-  (  Jon.  Jnna  19,  1891 

Ion   Tarmmal    Co.,    230    Sonth   Station,  J  Asboc.    M.  Feb.  1,  1899 

BoMon,  Mbbs (M.  Jan.  B,   1904 

Bloss.  RicHum  Pabkhdbst.    Res.  Engr,,  The  Duncan  Co., 

MechauicBTille,  N.  Y. Jm.  6,  1904 

Bsowimx,  Ebhsst  Hehbi.     Civ,   Engr.,   D.  8.  J  Abhoc.     M.  Jan.  1,  1896 

N.,  Nayy  Yard,  PorUmonth.  N.  B I  M.  Jan.  5,  1904 

j  Ahboc.    M.  Feb.  6,  1902 

j  M  Jan.  5,  1904 

CoLssuK,  Fbedibick  Albihx.     Snpt..  Bellington  /  Jan.  April  4,  1893 

*  Nortfaern  R.  R.  Co. ;  Valley  Coal  i,  Coke  J  Assoc.  M.  April  6,  1899 

Co.,  B«Uington,  W.  Va j  M,  Deo.  1,  1903 

DoHC,  Hknbt  Fbbdeuck.    Res.  Engr..  Peon.,  N,  Y.  £L.  I. 

E-  R.  Co.,  Eusl  River  Div.,  225  West  33d  St.,  New  York 

City , Jan.  6,  190* 

FiT,     Fbkdbbic    HiBOLD.      AsbI,     Ennr.,    Eno   f"'"™'  *^°*'  ^'  ^^^ 

Dept. .  60  Cilj  Hall.  Boeton,  MaJ. .     A'*"""    "■   ^P"'  2.  1902 

^  IM.  Jan.  5,  1904 

tiiEEN,  HcBEHT  EowMtD.    EngT.,   U,   S.   Geological  Survey, 

Div.  of  Hydrography,  431  Rialto  Bldg.,  San  Francisco, 

Gal  Dec,  2,  1903 

Eora,  JuLUN  DB  Bbdik.     Civ.  Engr.  and  Arcbt..  i  Asaoc.  M.  April  4,  1894 

18  Board  of  Trade  Bli^.,  Savannah,  Oa.      ]  M.  Jan.  5,  1904 

Uui),  Chablis  Adbiance.     165  Wildnood  Ave.,  i  Abboc,  M.  April  5,  1899 

Upper  Montclair,  N.J  J  M,  Jan  5,  1904 

UlTOHEIX,      CKABLES      HiMILTON.         AsBt.      EngT,,    (  VIA      iqOfl 

Onlario  Power  Co.,   Niagara  Falls,   Ont..^^/*""  ,  7  \Z. 

Canada .("■  '"■  ^'  ^^* 

ScKiPTnBB,    Abthdh    M&KQniH.      New   Hurtrord,  i  Assoc,  M.  June  3,  1896 

5.  Y )M.  Jan.  i3,  1904 


A1.LXN,  Wu.'TBB  HtNDB,     Civ,   EngT.,   U.   S.   N.ijJnn.  May 

Navy  Yard,  Brooklyn,  N.  Y )  Aaaoc.  M.  Nov. 

B&BB0W9,  HiBOLD  EnAKBTH.     Absoc.  Prof.,   Civ,  Eng.,  Dniv. 

of  Vermont,  Bortington,  Vt  ...  Jan, 

BowiuK,  Joseph  Hookmam.     Chf.   Engr.,   Pan-American  R. 

R.,  Tonala,  Chiapas,  Mexico  Deo. 

CiMFBEu.,  Ahtbub  Iba.     Div.  Engr.,  St.  L.  A  San  Fran.  R. 

B.  Co.,  Qr&nile  Blk.,  St.  Lonis,  Mo Deo. 

Cole,  Hebbebt  Niohoi^.  721  VanBarenSt.,  Milwaukee,  Wis.  Jan. 
CBuswm.,  Hebbebt  Adodsthib.    Res.  Engr.,  Western  Aus- 

traltanOovt.  Bya.,  Geraldton,  Western  Anetralia Oct. 

Ccwinos,  EuioBK  David.    918  Bast  20th  St.,  Baltimore,  Md.  Nov. 
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2i  HBUBERBHIP — ADDITIONS — BBBIGNATIOMS.  [Sooietr 

Glawbb,  WiujiM  LBONiBD,   EogT. BUd Sapt,, NewpOTt WftteT- 

WorkB,  Newport,  Ky Oct.     7,  1903 

Hamun,  Willuh  Eliot.     Chf.   Engr.,    Franli  B.   Gilbrelh, 

G«n.  Contr.,  P«rk  Eow  Bldg,,  New  Tork  City Dec.     2,  1903 

Mdrbay,  Csasleb  Warbin.    City  Engr.  and  8npt,  of  Water- 

Works,  City  HaU  Bldg.,  AmeriooB,  Ga Deo.     2,  1W3 

PpiD,  Jmios  Wkloh.     510  Seoond  Ave.,  Troy,  N.  Y Dec.     2,1903 


CoLBi,    SiFFOBD    KiNiBAD.      Contr.   Engr.   tnd  i 

Mgr.,  eutem  Office,  The  Pittsburg Bednc- J  ^ 
tion  Co.,  99  JohD  St.,  New  York  City (  * 


Beoibr,  SiLiANus  A.     Boi  732,  ConuellBville,  Pa  Dee.     1,1903 

Cbadboubijb,  Edwasd  MsaaiAii.     Cbf.   Engr.,   Albaqaerqne 

Traction  Co..  Albuquerque,  N.  Mei Nov.    3,  190$ 

Cotton,  Uilbb  Penmib.     C.  P,  B.  B.  Coustr.  Dept.,  Winni- 

p^,  Man.,  Canada Oct.     6,  1903 

FoBB,   JoBH   Habbisoh.     With  HamakoB  Ditoh   Co.,   Hnelo, 

Mani,  Hawaii Deo.     1,  1903 

Qiuui',  Ohablbs  Edwasd.    Asst.  Engr.,  Bay  Cities  Water 

Co.,  10th  Floor,  Matnal  SaTings  Bank  Bldg.,  San  Pran- 

cisoo.Cal   Oct.      S,  1903 

Habhl,  Habkt  Lbwib.    AsBt.  Engr.,  Bay   Cities   Water  Co., 

Coyote,  Santa  Claia  Co.,  Cal Oct.      6,  1903 

Hamijii,  Balfb.    Straotaral  Designer,  Intemational   Paper 

Co.,  30  Broad  St..  New  York  City Jan.      5,  1904 

HoPKiHB,  Gboboi  GAu.AaHBB,  Jt.    loBp.  (or  the  N.  Y.  Board 

of  Fire  Dnderwritera.     Addiesa,  350  Washiugton  Ave., 

Brooklyn.  N.Y Jan.      6,1904 

MoBowni,  Hbnbt.    1409  Looast  St.,  Philadelphia,  Pa Jan.     6,  1904 

Tailooe,  Jaubs  IojOID.     AbbL   Engr.,   Sewer    Comm.,   City 

Hall,  NewBoohelle,  N.Y Sept.    I,  1903 


RBSiaNATIONS. 


Date  of 
Reel^attoa. 

HOBOB,  THE^DOB  CklTTLIBB Dso.  31,    1903 

Miuj^,  Jaues  Ihbbh Deo.  31,  1903 


Cbabbh,  Clabince  Linooui D«o.  31,  1903 

ABBOCIATBS. 

Sawhe,  Jacob  Hbbbbbt Deo.  31,  1903 
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iAiiL]  HKHBBBSBIP— DEATHS  ^S 

MATHS. 

Bouit,  Jauu  Frkb Elected  Janior,  Juiiurj  4th,  1882;   Meuber, 

Jul;  3d,  1B9E;  died  December  Mtb,  1903. 

hBn,CLiBK Elected    Membfr,   October  19tb,    1870;    died 

DecembeT  Slet,  1903. 

1<B,EiiKtBi>  Bebnabd Elected  Member.  April  5th,  1893;  died  Decem- 
ber 30th,  1903. 

EnD,WnjjAii  W.   Elected  Fellow,  December   20th,    1872:  died 

JannaiT  lOltt,  1904. 

SuiuTqohu  Pubhui Elected  UetabeT,  Hay  Sd,  1888;  died  Jaanfuy 

Tth,  19U1. 
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CUBBENT   BNGINBKBINa  LITEBATDBE. 


[Booiety 


MONTHLY  LIST  OF  RECENT  ENQINEERINQ   ARTICLES  OP 
INTEREST. 

(December  9tli,  1903,  to  Januarj  12th,  1904.) 
KoTB.^-TTiis  list  ig  published/or  the  parposeo/placing  be/ore  themember* 
of  the  Sociel\/  the  HtUa  of  cuTreni  enffineerinff  articles,  xchtvA  can  be  r^erred 
lo  in  ana  anailable  engineering  library,  or  can  be  procured  by  addregaittff 
the  publication  directly,  Ike  addresi  and  price  being  given  viherever 
poMibte. 

LIST  OP  PUBLICATIONS. 

/b  Ihe  subjoined  lisl  of  articles  references  are  given  by  the  numher  pre- 
fixed to  each  jourtialin  Ikis  lisl. 


(I)  JOTl 


uAs, 


_'btUdelphla.  Pa.,  VOc. 

)  Procetdiiuii,  EnjirH.  Club  of  Fhlla,. 
lias  Olrurd  9t.,  PMl&delphis,  Pa. 
(3)  Journal     Frantllo    '—•      »v".j. 


,   Pbiladel- 


(33)   rXWnieCiVif^Paris.  Kreoce. 
(341  Portefe-uitle    Bconomique    det 

cliinn.  PmiB.  France. 
(33)  Nouvetit,  An^lei  de 


via.  Columbia 
y.We. 


,   Ne»    York 


^BW  YorS  C 
(IT)  Street  Railwa. 

City,  8Be. 
(IB)  Kaitmiii  and   Engin. 


i'9)  i 


«(,  New 


ASSOC.,  PhlLadelpbla, 
American   Got  Light  , 
York  City,  ■"- 


il  Tradei  Revita. 

i  Stsel 

il,  Hew 

-,  Mw  York  City, 


(a6)  Elettri 
(»8)  Jourm 


■at  Reviea,  London,  Englai 

al  WortdandEngt " 

City,  lOc, 


New 


Enelar 

aels,  BeUlum. 
MmtiTtt  el  Comple  Rendu  dei  Tra- 
eaux,  Soc.  Iiur.  Cli.  de  France, 
PariB,  Prance. 


pbia,  ^..&0c. 

(4)  Journal,  WesternSoc.  of  Enera. 

nadnock  Block.  ChlcaKO,  HI. 

(5)  !rrunHcNonf.  Can.  Soc.  C.  E., 

treal,  Q<"    C.t,«/I« 

(«)  SchoolofL. , 

Univ.,  New  York  City, 

(7)  Technology  QuarleHv, 

Tech.,  Boston, " — 

(8)  Sleveru  InsMut, 

Inst.,  Hobokei 
la)  Enoineering  Mn 
City,  35e. 
<ia)  CotiiCT-i  Magoiine,  New  York  City, 

(II)  Enainetring  ^London),  W.  H.  Wiley, 

l5ew  York  City,  B6c. 
(■a)  He  £n<nn«r(London), International 

News  Co.,  New  York  City,  »6o. 
(■a)  Engineering  .V*io»,  New  York  City. 

(14)  Tke_  Engineering  Record.  New  York 

(■■)  RaUroad  Qaielte.  New  York  City, 

(|6)  Engineering  and    Mining  Journal 

riial.  New  York 

Bering   Rcvitv^ 


(36)  La  Revxte  Tickniqut,  Paria.  France. 

(37)  Becue  dfM^coniou*.  Paris,  Fraacft 

(38)  Keuue  (Hnirate  Jei  ChcminM  de  Fer 

tt  del  TramKavi.  Parie,  France. 
(30)  Railmiv  Mailer  Mechanic,  Chicago, 
111.,  10c. 

(40)  Raili«iiiA0(.  Chic«Eo.  III.,  iOc. 

(41)  MoA:rnMacAin*ri/,CblcaKo.lll.,IOc. 
(41)   TVanMcfioM.  Am.lDBl.  Elec.  Ensrs., 

Now  York  City,  Wc. 
(43>   Annalti    del    Pont,   e 


(441  Jou 


Chavttiei, 

Ulittary  Service    Inatitu- 
[luu.  uuvemor's  IsUud,  New  York 
Harbor,  EOc. 
Mtiwiand  Mineral*,  Bcranton,   Pa., 

Scientific  American,  NewYorkClty, 

Mechanical   Engineer.    MaaclieBter, 

Tranmctioni.  Am,  Soc.  C.  E..  Mew 

York  City,  IS. 
Traniactioni.  km.  Soc.  M.  E..  New 

York  City,  »ia. 
Tramacliom.  Am.  Inst.  Miu.  Eugrs., 

New  York  City,  $5. 
ColUeru  ilua'  dian,  London.  England. 
Proreedincjt,  EnR,   Soc.    W.   P(i.,4t0 

Penn  Ave,.  PiUBburK,Fa-,5ac. 
Tramactions.  Mining  Inst,  or   Bool- 

luid.  London  and  Newcaslle-upon- 

Munieiuol    Engineering,     IndlaoBp- 


(«i) 


HorW.  B»NTnt?Si.".  Pittsburg,  Pa. 
(63>  Minutei  of  Proceedingi.  Inst.  C.  B., 

London,  EoEliuid, 
(«4)  POBer.  New  York  City.  30c, 
it.w\  fiiRi-inl  Proceedingi,  New  York  RAfl- 
lub.  Brooklyn.  N.  Y,,  15c. 
of  Gat    '-■•■-    J  —  --, 
id.  150, 


New  Enirland  Watc 
Boston,  SI, 

Society  of  Arts,  London, 
i,  16c, 

d»     Travaux   PuNici   dt 
t.  Brusaela,  Betgium. 
let'  Alloc,  det  Ing.  Sortii 
'   Oond,  Bnis- 


(M)  Journal 

England. 
(671  C '  — 


t  LighliHe,  London. 

„ g  JVeua,  Chi- 

111..S6C. 

<6B)  Wnjng  Journal.  London.  England. 
(6fl)  Mill  Oumrri,  New  York  CiW,  10c. 
(70)  EngiHtering  Rtfitw,  New  York  City, 


(71)  Journal,  Ii 

Englant 

(73)  BUcMcia 


id  Steel  last..  London. 
tidoD,  England.  18c. 
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CUBRBNT   ENGINBBRINO   LITBKATUBB. 

UST  OF  ARTICLES. 

Ota .^  „ 

■.  Inat.  C.  E.    |«3)  VoL  I( 


TbeProtflctloii  WtHTksor  the  KtUwr-l-Hind  Briifin  otw  the  River  SutlflJ.  neuFerou- 

pur.    Amyaa  «o™e,  «,  Inat.  C.  E.    (6^  Voi.  IM. 
Tbe  Superxtracture  for  the  Uuibattui  Bridge  acroes  tbe  Eut  Rivet  atKew  York  Ctty-^ 

(ij)  D«.  10. 
WibubSt«el  Concrete  CoDStruction.*    14a)  Dec.  II. 
HorlDg ■  Sdne  Brldse.*    ii»  Dec.  II. 

" '- —Ml  ArchBrldM  for  the  C.  B.  AQ.  Rjr.,  at  Piano,  HI.*  (iBJ  Doc.  IS;  (i()  Doc 

Jan.  a-.  (40)  Dec.  11, 

"•■-■•""■'    -i^i 


e  WlUlaoiiburg  Bridge,  acnns  the  East  River.  New  York  Cltf.* 

...  _, _ „BrldKB.  K„ _.      ,.,. 

ACcdcrete  Arch  Bridfs  with  Bar  andSttrrup  Reloforcemeat.*    {ij}  Dflc.  81. 


I  Ibin  Span  of  the  WlUlamibu 
(■4>  Serial  beginnlDKDec.  IB, 
•  Opminc  of  tbe  New  East  Rivei 


TbrOpmlncoCtbeNeirBaatRiverBrldKe.  New  York.*    (ly)  Deo.  IS. 

if, te  Arch  Bridies  with  Bar  andSttrrup  KelnTorcemeot.*    (13>  JH 

if  3CDWII  and  Sand  Jacks  in  Moving  and  Lowering  a  1  OOO-Ton  Draw-Bridge 


Patsalc  River, at  Newark,  N.  J.*    Lincoln  Bush.    (13)  Dec.  SI;  1 

-        ■       131  Jan 

.tebuUdl-o , ,af. 

Pier  Caiesoti    and    Operating    Blachlnery  (or   ■  Heavy  Swlog    Bridge,* 


A  Propoaad  Plan  for  Rebuilding  tbe  Brooklyn 

'j»a. 


and  Bolld  Floors  for  Railroad  Rrldges.    A.  O.  CuDtUDghatn, 


if  Electrical  Conductivity.*    RoUo  Appleyard.  Assoc.  U.  Inst.  C  E 

Tbe  iasnreincDt  of  Power  In  Aitematlng  Circuits.*   Patrick  Hamilton,  Assoc.  H .  Insl 

C.E,    (Sj)  Vol.  154. 
Bvitdiboard Construction  for  Isolated  Electric  Plants.*    (64)  Dec. 
EkcOiOBl  Development  in  Siberia.*    L.  Lodlao.    1 64)  Dec, 
Toting  Electric  Generators  by  Air  Calorimetry.*    (11)  Dec.  4;  (63)Dec.81. 
Spteil  Vulatloo  of  Continuou^Cunent  Motors  by  Shunt  CoDtrol.    H.  M.  Hobart.    (36 

Stckns  Ifor  electricity  generatlne  stations;.    Albert  Oay.    (Paper  read  before  the  Sac 


■Icitygm. 


Street  Ugbdng  in  Berlin:  A  damparison  between  Electric  Arc  Lights  and  Bigh-I'reasure 
Ois  bimera.*  (1'r.  uf  Paper  read  before  tbe  Oernuu  Assoc,  of  Oas  and  Water 
Eo^.    (661  Dec.  S. 

Tbe  New  Etectrldly  Works  at  Exeler.*    (73I  Dec.  11. 

Dnriiu  ,S.  Africa' Electric  Light  and  Tramways.*    |j6)  Serial  beglunliisDec.  11. 

Tbe  Slow  Registration  of  Rapid  Fhenomeoa  by  Strotngraphic  Uethods:  "Tbe  Oodo- 

>. J  ...-  „D..i t..i  ■Wave-Recorder  and  Power  Recorder).*    E- 

--,, .._, :.  ofElec.  Engra,),    (74)  Dec.  II. 

TbeTotingof  Electric  Oenerators  by  Air  Calorimetij.    RicbardThrelfaU.    (Abstract 


cf*phe"anil  tbe  "  Pulsianoegraphe  "  (Wave-Record 
Ho^taUe_r._(Paperjead  before  [he  '    '     — 

KoiMo^'EnKlnrtorring'ln''EloMilcTlghtMBtlons"R  {»6)  Serial  begin- 

nlngDec,  II. 
European  SinEle-Phsae  Railway  Motor*    117)  Dec.  12. 

Orouptngof  Cells  to  Obtain  Maximum  Current.    K.  E,  Guthe.    (17)  Dec.  1!, 
iMor-Drlvea  Machinery,*    Frank  B.  Klelnhans.    (it)  Dec.  IS. 
N«ii  Inlenralhw  Wattmeter  tor  Altematinft  Current  Circuits.*    (37)  Dec.  IS. 
ITielleMKuelGssBatlery.*    (jy;  Dec,  IB. 

ReCRit  Eileaslons  of  the  Bradford  CorporaUon  Electrical  UndertaklngB.*    (3«)  Serial 
_  b««inntag  Dec.  18. 
Ikf  Slow  ^raless  Telegraph  System.*    Louis  DuDcan.    {731  Dec.  18. 

Plijslcal  Eqiirt,.u>^.  w^ 

Qectrically-Driven  tihope.    (Report  ol 

Serial  beglllnlilj:  Dec,  IS. 
Cooduciivity  of  Mercury  Vapor,*    Peter  Cooper  Hewitt.    (37)  Dec.  19. 
(lerman  (JasEuKlne  Power  SlatlonH.*    Frank  C.  Perkins,    iaj)  Dec,  10, 
Switch  Cunstrucdon.*    N.  C,  WoodBn,    <i6l  Dec.  SG. 
Kkcnieal  Equipment  of  the  Edison  Portland  Cement  Compaoy,*    (17)  E 
Tit  Berlin  PrlnUng-l^teKraph  Central  Station.*    Alfred  Gradenwitc.    (4< 
Recent  ElectrlcalReaearchss  by  Berthelot.     1 1«)  Dec.  90. 


of  Electric  Currents  on  Gm  and  Water  Pipes  in  (Jei 

He  "  0.8."  Secondary  ur  Storage  Batteries,*    (ji)  Jan. 

Dfctrfdty  Direct  from  Fuel.'    (64)  Jan. 

A  OUTereolial  Duplex  Telegraph  System.*    (73)  Jan.  I.  

*  niustral«d. 

D,g,t7cdb/COOglC 


b,  Google 


CUBBBNT   BNOIVEEBINO    LITBBATUBB. 


c,  Bngrs.)    (73)  aerUI  beginnliu:  Jan.  I. 

311  BDd  iDsUUbtlOD  of  High-TeiulOD  SwLUhlDK  AmArsi 

d  before  b  ConTSiitloD  ot  tbe  Assoc,  of  Edison  nium 


t  Ileur,*    Johumea  DOnlu. 

n  Eddy^  S"??1.'"l^    ^'Jt  Th""'''"''    (P»per  rendbefOTe  the  Iiwl.  of 

.. L.  UElden.    (P»per 

niumluatlDg  Oumpaules.)    (n) 

Work«.  Mancb 

„_ .  wsumetfii  "    — 

li  ElBctrioity  W 

A  Nev  Electric  Crane.'    iiai  jnu.  1. 

OntteDiBtiibuUcinor  Light  from IncaodeacentLampa.*  Lanwlot  W.  Wild,  A.  H.I.E.E. 

ultB,    (16)  Jan.  1. 
ratluK  Plant  at  Rlva,  Tyrol.*    (ly)  Jan.  9. 

0«nnaii  Tbrce-PtiaBe  Tnagfonnera.*    <i7)  Jan.  t. 

The  OoTeniinent  PriDtlng  OOlce:    The  Electrical  Equipment  of  Uie  LargeK  PrlntlnK 

OtDMlnlhe  World.*    (lylSerlal  bettlnnlng  Jan.  S. 
THOn^Larae  Altentalore,*    W.  E.  Buroaiid,    iiyl  Jac  ' 

Finlectirai  of  Elactrlcal  Appa 
tteto.    Howard  B.  Sargent. 

A  New  Lloe  of  Electric  Tnitell_„  _  ,_ 

SeirTypdaoF  Voltage BeKulatora  for  Oeneraton.*    137)  Jan.  V. 
lCoiiilibedSi«amBndWat«r-PowerCeDtTslBtatlaiiBt  Rtcbmond.*    (ay)  Jan.  B. 
The  Dsign  of  Molor  BtartlnR  RheoaCata.    Arthur  H.  Ford,    (ay)  Jan.  B.        _^ 
[Ugnbtloa  dee  Moteure  AppllquM  t  la  Commaode  dee  Hocblnea  Dynamo- Electrlquea. 

"  "  '"—    <iJi  Oct. 

— .. AaceDseun 

Schtlckert.*    L.  BamakerH. 

1  Bulkhead  Door. 

fTloatlnK,  Dry-Dock  Cor  CaTlte,  Philippine  lilands.* 

■.Co. '8  Turin  8 
Floatlnn  Crai 


Sfnr  Propnl^on  for  Warshipa.    (i>)  Dec.  II. 

The  IVne  Oeneral  Ferry  .Co. '8  Twin  Screw  Pamengar : 

OrK-tfundred-Ton  Sleel  Floatlnn  Crane.*    Joa.  S.Sbu 


Sim  Boilers. 
TheUltefl-hi 
ASnidy  e 

8^1 


Torpedo  BoatFrolector* 
tbe  Lake  dubnuuin 


al  beginning  Dec.  M. 
-uipviuldlng  and  Harine  EDilneerlng.  IDOS.    Iiil  Serial  beglnabiK  Jan.  1. 
SynoiDof  ClgbtlnRH.H.  sups.    (>6)  Jan.  1. 
L«  Narires  Porte-Tnins  Danols.*    A.Abraham.    (36)  Dec.  %. 
MeckMlcal. 
MnriHlon  of  tlie  DuddlngMon  Shale-Hlnea  and  tbe  NIddrle  Caatle  Crude-Oil  Worki 

J.  fliOfourSneddoD.    {89)  Vol.M.Pt.l. 
The  Policy  of  Oaa  Enrichnteot.    Arthur  Oraham  QlasKOW,  M.  Inat.  C.  E.    (8)  Oct. 
Htat  EciHioniy  ot  tbe  Sleam  Engine.    (8)  Oct. 
Ow.*    iDeecriptlon  of    manufacture   of  Coal  and  Water  Oaa.)    Thomaa   D.    Hitler. 


nd  Oas-Di 


le  Loulstana  Eng.  B 


jn  Boiling  HIllaandPowerFlantattbe  Works  of  Hesara.  Honks.  Hall  ft 

Company,  Ltd.,  WarrlDsloD  *    ( J>)  Not.  tn. 
The  TransmisBlon  ot  Power  by  Ropea.    ICdwIn  KenyoD.    (Abatractot  Paper  read  before 

tbe  StafftHilshlre  Iron  and  Bteel  lust,;    l»)  Not.  n. 
UagTun  for  Adlabatic  Expansion  ot  Steam.*    Sren  S.  Eknuta.    (64)  Dec. 
The  (Jae  of  Superheated  Steam.*   Storm  Bull,    (4)  Dec. 

FVnhuid  Cement  Hanufaccure,    Edwin  C.  Eckel,    (60)  Serial  beginning  Dec. 
Low  Pnaaure  Bot  Water  Heating  on  the  Reck  Patent  Circulator  Syatem,*    C.  Ingham 

Haden,    (Paper  read  before  tbe  British  Inat,  ot  Healing  and  Ventilating  Engrs,) 

(7D>  Dec. 
But  FUmace  Oaa  EDglnea  at  the  Lackawanna  Steel  Company's  Plant,*    (64)  Dec. 
Buanled  Air  Ctmdeneers.*    ( 64)  Dec, 
TIbnt  at  tbe  Cooling  Tower.    U.  L.  Kachman,    (A4)  Deo, 
Steam  TorblDea  In  Europe.'    Emileanarlui,    (64)  Dec. 

ne  Dereiciunent  ot  tbe  Outside  Spring  ludlcator.'    Robert  Orlmabaw.    164)  Dec. 
"*■" — ■-- ~—ar  Cooler  Tower.'    (64}  Dec. 
ig.'   J.  W.  Parker.    (64)  Dec. 
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Btoti'n  (for  electricity  KeneratftiKalatlons).    Albert  Oaj.    (Paper  read  belore  Ihe  8oc. 

oTEasrs.)     (aa)  Dec.  4;  <7j)  Dec.  11. 
A  Stw  Ufchulam.    (A  toMt-fitee  skew  llokwork.)    Q.  T.  Beonetl.    (ii)  Dec.  4:  (<>) 

Swiy  TiUTpt  lAthe.*    Ill)  Dec.4. 

IbeSfUt  Flexible  Roller  BearlDK.*    <»)  Dec.4. 

SUwi  Autocar  Noten;    Small  SWom  Euglaea.*    J.  B.  V.  Blcklord.    (iil  Dec.4. 

Tbe  Peltoa  Wheel  lor  RolUneHlLla.*    (la)  Dec.4. 

NotH  on  die  Upslgn  of  Vertical  Bolleni.*    Hj)  Serial  beKlnnlntc  Dec.  t. 

TbeBotlom  of  ■  Qreec  Sand  Mould.   Thonuw  D.  Weet.    ( Paper  read  belore  tbe  New 

England  FoundrrmcD'B  Assoc.)    147)  Dec  S. 
Het*ol  Developments  In  the  ConstrucMoH  and  Worliing  of  Oaa-EnglBeB.    D,  8.  Capper, 

H.  lost.  C.  £.    (Paper  read  before  the  Junior  Inst,  or  KngrH.)    (66)  Dec.  H;  (U) 

Serial  beglnnlnK  Jan.  II:  ml  Dec.  18;  '47'  Serial  beginning  Jan.  1. 
Street  LlEhtUiK  In  Berlin:  A  Comparison  betireen  Electric  Arc  £ighta  and  Blgh-Presmm 

Qas-Bumeru.    |Tr,  of  Paper  read  before  the  Oerman  Aaaoc.  of  Gu  and  Water 

Eeooomj  fn  Mill  Water,*    Jesse  8cobey_  (16)  Dec,  10. 

pDver  and  Macblnery  at  the  St.  Loula  World's  Fair.*    (30)  Dec,  10, 

Fteaon'a  "  Suction  ■'  Qas  Producer,*    (6»)  Dec.  10. 

NoLes  OD  the  Design  of  Rolls.*    EmU  KlrchberK.    (From  Stahl  und  Kisen.)     (ao) 


Tbe  Wietlnghouee  BlowInK  Engiae.*    111)  Dec.  1 
iWladmg Engine  Problem.*    jia)  Dec   " 
AiiLlflPumpa.*    '■-'  "~~  " 
Reciprocatlna  H. 
New  OaB-ProdDc 


te.*    (ij)  Dec.  II. 

__-., dear."    Uj)  Dee.  11. 

CostotProductlon  of  Power  from  Fuel.    T.  L.  Killer.  H.  Inst,  C.  E.    (47)  Dec.  IS. 
"    ■     •      —       -----  „^j  Limited  ~         -  —  1.  - 

Tbe  Manufacture  of  Steel  RalisT~7i9)  Dec.  19. 

Muinlactuie  of  Odd  Sleel  and  Armor  Plate,*    (10)  Dec.  IS. 

Hinnfacture  of  Bridge  aod  BuUdlDK  Structural  Shapea.*    (10)  Dec,  IE, 

lUiiufacEure  ol  Steel  Pipe.*    |ia)  Sec.  12. 

»»l  Win- and  Nail  Uakine.*    (19)  Dec.  I£. 

Chain  Maktog.-    (19)  Dec.  12. 

Finer  Equipment  Id  a  Bottle  Making  Plant,*    R.  H.  Hopkins.    (14)  Dec.  IS. 

Bnlw  for  the  Speci&catton  of  the  Ironwork  of  Gaaholders.— German  Standanla. 

Serial  beslnidnE  Dec.  14. 
LB^ierBoU-Tum&w  Machine,*    (6a)  Dec,  IT, 


A^ibilt  Mining  BndReanlng  In  the  Indian  Territorr.*    W.  R,  Crane.    (16)  Dec.  IT. 

IbeL'niseControllableSuperheater.*    («<i|  Dec.  ll 

NfTFonns of  the  Steam  Turbine.    Robert  H.  Smllh.    (lal  Serial beeiuBing Dec.  IS. 


--..srnont  with  Mechanical  b 

Miaury  Tractor,*    {la)  Dec.  IB;  in}  Dec.  IB. 

Demlopnients  In  Automobile  Construction,*    Thomas  Clarkson,  M.  I.  Mech.  E.,  Assoc. 

M.  liut.  C.  tc.    (Paper  read  before  the  British  Assoc,  for  the  Advancement  of 


neetriCBllv-DrlTeB  Shops,    (1 

Berlal  begbinlntc  Doc.  le. 
Tnt  of  T^blnes  for  the  Clevi 


g  Furnace.*    iiT)  Dec, 
E — .  .    j,8)  Dec.  18:  U 

^ Thoe,  D,  West. 

Tbe  Mechanical  Plant  of   the  Broadway-Maiden 
Dec,  IB, 

Oie-Hundred-Toii  Steel  FloatlDg  Crane 


(Report  of  Committee  to  Master  Hechanlcs' Aeso 
'eland,  Elyrla  &  Western  Railway.    1 17)  Dec.  19. 


'iSiie 


tlngOane.*    Jos.  S.  Shulti.    (14)    Dec,  IB. 

Tbe  Power  Plants  of  IheSt.  LouiB  World '11  Fair.    (14I  Dec.  19. 

~      "      ""         itCompanyiPlant  atNew  VQlage.N.J.*    (lo)  Dec.S4:  (a?!  Dec 
_.    r,_.    ».. „^ 

..  -     , . (16)  Dec.Bl. 

The  Practical  Workla;;  ot  Trench  EicavaUng  Machinery.*    Ernest  HcCullougb.    (i,;) 

Condeming  Plant  for  High  Vacuum,    (6a)  Dec.  M. 

ftnoke  Prevention.    W.  H.  Bryan.    (Abstract  of  Address  delivered  before  the  englneer- 
biE  btodenla  ot  Purdue  Univ.)    |i3)  Dec.  95:  |6a)  Jan.  7. 

taaeBecont  Examples  of  Oerman  Crane  ConBtmolion.*    ( jj)  Dec.  m. 

'   — ultuflPouDdryatTratlordClty.*    (if)  Dec.  S8. 

•luou-iiuuus  Machine,    (ii)  Dec.  tS. 
AirMotonandAirHamniers     Blax.  U.  Wfckbunt.    (iS)Dec.2S. 
Heating  Coats  ot  Various  Systems,    J.  ByersHolbrook.    (14)  Dec.  96. 
The  edclHicy  of  C«itrltugal  Pumps.    1 14)  Dec.  96. 

Intproveroenta  Id  Valve  (lean.*   John  Rlekle.    (Paper  read  before  the  Inst,  of  EnKrs. 
ud  ShiphunderB  in  Scotland.)    (47)  Dec.  M. 
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I— (CoDtlaiHd). 
WMJuKboaK  Bleun  TnrUae.*    {4;}  Dec  W. 
Tbe  Bowrd  DyDamomMric  Fui  tor  Ueasuring  the  Power  of  OuoUue  Hotoi*.*    (if) 


A  PDMmuJc  Rail  Dnhwder  •    (46)  Dec.  H>. 

Tborneterott'*  Slartliui  Deilce  tor  ExploeloD  llotora.*    (47)  Dee.  M. 

A  CombiiMd  Coal  and  Water  Oas  Plant.*    (64)  Dsa.  W. 

Ibe  Ball  Craok  Pin  QrlDder.*   (>oiDw:.n. 

KerSnUKtUlDBSiidRoaUnglUchlDe.*   (MiDec.SI. 

Tbs  BuUud  «-(bcli  Boiinft  and  Tnmins  UIL*    (ao)  Dec.  SI. 

American Tnta of  Rapid  Cnttlne ToolBteels.    (sa)  Dec.Sl. 

BlutFuroace  Gas  aaa  Source  of  Povt-r.*    164)  Jan. 

HrdrauUc  Power  In  Poundr;  and  Machine  Shop.*    Joaeph  Horner.    <ia)  Jan. 

SujierlKatcd  Steam  for  Steam  Enfrines.*    Brjan  Donkln.    (is)  Jan. 

•nt  Condenaer  Tiani  at  Obuwow  Electric  Power  Station.*    (64)  Jan. 

Blartlns  Oaa  EnKtnes.*    W.  S.  Kerry.    464)  Jan. 

ANoTOTDeatniof  Electrlcally-DrlietiMinineMachlDea.*    Og)  Jan. 

TbeEUgore  Dbrct-Actinx  Bleam  SboreL*    (as)  Jan.;  (13)  Dee.  IT;  (is)  Dee.  18, 

Acme  Oas.  a  New  FueL*    im)  Jan. 

Cutthig  BpeedB  and  Feeda  with  the  New  Tool  Sl«ela.    Oberlin  Bmltb.    (9)  Jan. 

European  High-Power  Oaa  BnglDee  d  Recent  DcsiBn.    Frank  C.  PerUna.    (41)  Jan. 

Tbe  AlUM^halmen  Company'*  New  Plant  at  West  AlllL*    (411  Jan. 

ne  Hot- Water  Heto- for  Boller-EnporatlTc  Testa.*   John  A.  Drew.    (41}  Jan. 

nMMKhanic*  ota  BarrleT'Pcde.*    (at)  Jao. 

Bngden'i  Combined  Stop  and  Isolating  Valve.*    (1 1 )  Jan.  1. 

FiSlmJnarr  Experimente  on  Air  Frli^on.*    W,  Odell.    (Paper  read  before  the  Britl>b 

' '— the  Advancement  of  Sdenoe.)    (11)  Jan.l. 

Tools  Employed  (or  Dle-Cuttbut.*    Joaeidi  Homer.    (11)  Serial  beginning 


.Jlt^.    I17)   Jan.  S. 

(14)  Jan.  B. 
m.  S:  (31)  Jan.  8. 
the  Yorkshire  Junior  Qa* 

W.  B.  Carrier.    (Paper 
looven-Owens-Beutschler 


Coke.    J.  D.  F^nock  and 

'altea.   U.  Delaporte.  (37 

Lvenlr  dee  Moleurs  Thermlques,'    H.  SCodola.    <Tr.  by  M. 

, iiV*  it**    Vereinti    Deuitcher   Ingtnieure.}      (37)    Serial 

beginumg  Nov.  ID. 
HAgitlsfiirpour  Turbines  Lombard. 

_.. . _,_  A  Travels  lea  Pnrolsd'un  Local  Chaufti. 

B.  Hathleu.     i3o>  Dec. 
BampsHoblleflectrlqueentrelaPlBgeetlBVllIeBiarrltz.*    Ren«  Well.    (jjlDec.M. 
i.i-^i.   •  "tomoblle  i  PropulElon  Continue  du  Colonel  Ch.  Renanl.*    O.  flapltaUler. 


Btgnlatmr  pour  Turbines  Lombard.*  (17)  Nov,  I 
LeaOailla&pldps.*  J.  T.  Nlcolson.  (37)  Nov.  a 
Note  Relative  A  Is  Transmlsalou  de  la  Cbaleur  A  Ti 

B,  Hathleu.     i3o>  Dec. 
Bampe  Hoblle  £lectrlaue  entre  la  Plsge  et  la  Vllle 
If  Train  Automobile  A  PropulElon  Continue  du  ( 
(it)  Dec.  1*. 
HtUMnrtkal. 

The  Ai^'sls  of  High  Speed  Steels.    (6>)  Dec.  10;  (la)  Dec.  11. 
A  New  Process  for  ivoHIng  Piping  In  steel  Ingots,*     i3i)  Dec,  IB. 
^  Fnid  Oravltf  Dry-Process  Separator.*    Douglaa McLean.    (i6)Dec.1t4. 

U,g,t7cdb/GOOglC 


llchard  Peiu 

,  .„„  „ Luaconda.* 

Some  Neglected  Points  in  Puraace  Constri 


L 
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The  ECtcct  of  Inipurltiea  od 
HHUntc  of  SUrar  Om  U  ^ 

the  Inst  of  XId.  and  M , .., 

TheCaiudlan  Copper  Comnuiy'«  Plantat  CopparCUff.*    (lO)  uec.oi. 

BndnfCast  Iron.*    (64I  Jan. 

Kediuiinl  and  HetallurgLcal  AppUcatlona  of  Alumlnothermlci,*    Emlle  QuarlnL    (9) 

'e  of  Open  HearUi  Basic  Steed.    A,  O.  WUaon. 
land  Iron  and  St«el  Init)    (Aa)  Jan.  T. 

Muntkctore of  Oun  Sue]  and  Armor  Plate*    (19)  Dec.  IS. 

■lUury  Tractor.*    (ill  Dec.  IS;  (ill  Uec.lt. 

SuOKUtT  TeMi  lor  MIlrDceUukise  and  NItnwellnlou  Poirden.*    Albnt  P.  Sy.    (19) 

Serial  beginning  Jan.  t. 
MMaf. 

(From  AnnaleM  da 

(aa)  Dec.  4. 
e.    (|6|    Dec  IT. 
[ling;  and  Separating 


(From  AnnaieM  des 


F.  Deaqulene.    (j6) 
Appanjlc  de  S«curlte  pour  Plani  IdcIIdAs.*    H.  Scbmerber.     Hi}  Berlal  beglnnlnK 


SandBtone  (or  Pavementa  In  Brooklyn,  Sew  York  City.    C.  D.  Pollock. 
Affpli»lt_P»Tln|Estlm»te8Bt_Detroit,Mich.    W.F.Raymond.    (60I  Jan. 


.)  Dec.  M. 
i«  the Qraaeot  OalTOTl 


Railroad  Surreying,    Charle*  John  Albrecht.  M.  Inst.  C,  E.    (6j)Vol.  IM. 
1  LooomotJve  ftaetloe.*    Percy  John  Cowan,  abboc.  M.  Inst.  CT  K.    («3)  Vol. 

TbeUaeof  a  LoKarlthmlc  Scale  in  Plotting  Curves.*    Buwell  Bcotl  BcboleOeld,  Aaaoc. 

ILInsLC.  E.     (63)  Vol.  15*. 
StaTbolU.    (For  Locomotive  BoUera.)    H.  A.  FerguseoD.    I61)  No*.  17;  Abatntct  (47) 

Tnlnpipf  Leakage.    C.  C.  Farmer.    i6il  Nov.  IT. 

SnbnrtHn  Carriages:  Illinois  Central  Railroad.*    (ail  Dec, 

FoorCoopled  "Atlaotlc"  Express Bwrtnes;  Oreat  Central  Railway."    (»i)  Deo. 

SCmpled  Tank  Engine  for  Suburban  Tiafflc:  Great  Northern  Railway,*    f»i)  Dec. 

Si  CoQpled  Bogie  Exprarn  engiiieB;  Olasjtow  and  South  Weelem  Railway.*    (ai)  Dec. 

The  WMiDibouse  Electro-Oaa  Slxnal.*    (11)  Dec.  4;  (6sl  Dec.  81. 

The  FmchXoeomotlTe  tor  the  Great  Weetam  Railway.*    Cbarlee  BouS'lIarten.    <i>) 

Dec,  4, 
Sii-WbeM  Coupled  Expreoe  Locomotive— Chemin  de  Fer  de  I'EsL*    (la)  Deo.  II. 
Wabadi  Steel  Concrete  Construotlon.*    Uo)  Dec.  II. 
DrlTlu  L«t  Spike  on  tbaOgden-Lucln  Cutoff.*    (40!  Dec,  II. 
nieFlntCODBolklatloiiLocomotiieforQreat  Britain.*    (40I  Dec.  II. 
HewaaataPeFrelghtHouaesat  KansuClty,*    (ig)  Dec.  II, 
SIgnaltDg  at  Phllllpaburg  aod  Eaatou.*    (ig)  Dec.  11. 
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0|Bl™-l.adn  Cnt-Oll,*    (ig)  Dec.  11. 

IVmiul  FamtmgBT  Statloo  tor  the  Wkbuli  R.  R.  aC  PlttHburK-*    <  iS)  Dec  IS. 

TkrOntnl  London  Ballwar.    Ut)  Dec-  IS- 

Eiperlmeon  with  k  New  Tnw  of  Ctempcmid  LooomotiTs  In  lulf.*    (■•)  Deo.  11. 

TbB  MunfacUire  of  Steel  S^g.*    (i«)  Dec.  11. 

Tbe  Coat  of  Concrete  Tunnel  Lining  ud  of  TuiuMlExcaTatloD.*   Geo.  W.  Lee,  Jun.  Am. 

Soc.  C.  E.    (13)  Dec.  17. 
BtooeBallut.    £.  A.  Hennum.  U.  Am.  Soc.  C,  E.    (r3)  Dec,  IT. 
Hall  Elcctro-aas  Normal  Danger  SlgnalB  an  the  Union  Pacific.*    (Ig)  Dec  IB. 
K'Kees  Bocks  Shopa  ot  the  Plttebiin:  &  Lake  Erie.*    (40)  Dec.  IB. 
Two  New  R&UrDBdB  in  Aleaka.*    (ig)  Dec.  IB. 
New  FBawmser  Equipment  or  the  Chicaa    " 
Mew  Cafe  FBrlor  Car,  Chlcaeo  Oroet  * 

TniiDrl'workottbePenDB]'l>aniaEntraDcelDtoNewTork.*    OS)  Dec.  IS. 


llroad:  B-8-0 
la  ExpoalUon. 
1   Qrsdenwiti. 


:«  £  Michigan  Soutliera  Ballwa;:  R-8-0  Type.* 

lis*  Jan.:  (301  Jan. 
Tbe  C&tmanlz  iSiectric  Railway.*    Archibald  WllaoD.    (10)  Jan. 
Tbt  Railroad   around  the  FaHi  ot  the  Uadelrs  River.  Braali.*    O.  F.  Nlchola.    <I5) 

Jan.]. 
SO-Ton  Rteel  Undertmme  Box  Car.*    (igl  Jan,  1. 
EtectrfflcaUon  of  the  LlTerpool-Bouthport  Line.*    (13)  Jan.  1, 
CUcago£  Alton  New  Atlantic  Locomotive.*    uo)  Jan.  I. 
A1tcniatlng.CurTeDt  BlgnalH  on  Electric  Roada.*    (tj)  Jan.  8. 

RcaTj  Consolidation  Locomotive,  Lake  Shore  &  Michigan  Sonlhem  Ry.    <|8)  Jan.  1. 
BccoDrtTDctkmoI  the  Lackawanna  Trackathrough  Newark.*    (461  Jan.I. 
An  Improted  TunneliniF  Shield.*   <i4)JBn.S.  ,    , 

Sectrical  Equipment  of  the  North  Btiore  Railroad  rrora  San  Fraodsco  to  San  Rafael.* 

07)  Senel  beginning  Jair. «. 
The  DerekrpiaeDt  ot  Rallrrwl  Risking,    R.  A.  Parke.    (17)  Jan.  S. 
HichPotenUalOaSwltchee.*    (niJan.i. 
Befccatlon  of  the  Central  MauaofauHtta  Railroad  around  the  Wacbueett  Reeervolr.* 

Bnkn  and  Sand,    Edward  C.  Boynlon.    (17)  Jan.  S. 

A  Rallwav  Ditching  Machine.*    (13)  Jan.  T. 

Raw  York,  Ontario  £  Weatem  Box  Car.*    (ig)  Jan.  8. 

Tit  CUcnlatlon  of  the  Streasee  and  the  Practical  DealgD  ot  Structures  ot  Steel  Con- 

ci»le.*    Waller  W,  Colpltte,    (40)  Jan.  8. 
Ali.Qectrk  Interlocking,*    (40)  Jan.  8. 
Bnp«rfaeal«d  Steam  Fi^bt  LoiuniotiTe— Saxony  Stale  Railways,*    Charles  R.  King. 


(>7l  Jan.S. 
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CURBBNT    BirOItlBBBtNO   LITBBATUKB. 


ftPBotfloRr.,BtTeiarkBU.^    (i8)  Jan.  S. 


t.  P.  Rj*    (18)  Jan 

„ IfloRf.,  BtTeiarkB ,.„, 

Tjpm  BfccDti  de  VoltuniH  des  Clmnliu  d«  For  et  Tnunnr*  BooKrols.* 

,    (J4I  Due. 

Ui  Bnutoln  HydrmallqDM  d«  laQue  d'ADTcnO.  C:  SyiUnie  Boppe.*    L.  C««TB 

_    ii4i  Dec. 

Srtlibie  Nouvau  pour  RerttenieDt  de  Tsliu  de  TraDcbifa  de  CbemliiB  de  Fer,  BooteA, 

Mc    K.  A.  Cine,    (je)  Dec. 
Ime  nil-  lea  AiqwreUa  Slectrlquea  poor  Ik  CommaDde  dee  Atgalllce  et  del  Slgnaux 

(SrnteieDDCOiusaet  BodAiy).'    M.  Rodvy.    (aS)  Deo. 
FrIii  ADUmUiqiie  a  Air  Comprim6;  llyrt«me  Upkowskl.    F.  BorMer.*    (31)  Dec.  B. 
lo  LocomatlTca  pour  Voie  Etmlte  svec  Fortes  Buopea  et  Coorbee  de  ralbke  Ravod.* 

B.  BaDdld.    (16I  Dec.  10. 
UNUtaiKUoo  de  Tunii^a  «n  'ntmlns  Iinmer^.*    (33)  Deo,  9S, 
Mtwi.  Strert. 

The  Effect  of  Hnltlple  Control  od  the  TractloD  Protdem  of  PIttebun.    N.  W.  8tor«r. 

^    1J8)  Not. 

Dai^m  IS.  Arrks)  Electric  Liebt  and  Tmanyt*    <3A)  BerUl  beKinnlns  Dec.  11. 

iBUnrtiMi  Electric  TnwUoo  Bystemt-Altematlng  Veraui  DJrectCurretil.     Paul  M. 


Llnooli).    ,_,. .,, 

Uaeotthe  Aulomotoaeer.    (17)  Deo. 18. 


BectHcHottiDgtrfThlrdRaUsforSltetRemonl.*    (17)  Dec.  IS. 

EnropeaiiSiiiKle-PlisaeRaJlwarJlotor.*    (171  Dec.  IR. 

WorUiig  ttetutis  OD  tlie  City  and  South  London  RaUway.*    I73)  aerial  be«[Dnlng  Dec. 

TbfWInler-ElclilierK  Single  Pli»eRallw«r8y«em,*    l»7)  Dec.  10. 
InproiHiJenW  on  ft  Kentucky  Sjatem.*    117)  Dec.  IB. 
AMfmailngaotoreforRallwayBwTlce.    Louto  Bell.    (i7)Dec.HI. 
The  BoUuiK  Stock  of  tbeOreal  Northern  and  City  Railway.*    (i»  Dec.  «. 
neCitTaDd  South  London  RftUvfty.    P.v.HcUabon.    (Abstract  of  Paper  read  before 
the lut.  of  eiec  Outre.)    (47)  Serial  beslnDuut  Deo.  M:  (>«>  Serial  beginning  Dec. 

[hvMlngotthe 

ay  BerrlcB.    B. 

of  p^ier  read 
7)  Dec.  M. 


Icnrud  Syphons  In  the  Sewetage  Byitein  of  KevtOD,  Mao.*    trrlng  T.  Pamham.    (6«) 

iB  the  Stable  of  Oil.  Daniel  S.  LamonC.  New  Tork.*    (?«>  Dec. 
■powU  IQ  Iowa.*    A.  Harvtoo.    U)  Dec. 

, — linental  Bsciprial  Treatment  of  London  Sewage.    Frank  Clowea.  J6a)  Dec 

A  C«nparinn  of  Chemical  and  Septic  Tank  Byatema  aa  Preludes  to  Artlfldal  FUtnUon. 
DinglM  Archibald.    (Abetract  of  Paper  read  before  the  BrlUeb  Ban.  Init.)     (60) 
_  Dec. 

[HTndialdreTa-EpidBmlcat  Butler,  Pa.*    OeorgeA.  Boper,  Assoc.  H.  Am.  B00.C.B. 
^  (11)  Dee. «. 
the  fifjBgton  Sewage  Dtepoeal  Worka.    (■4)I>ecSB. 
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COBBENT  BNQINBBBINO  LITBBATCBE. 


n*8ep(icTukforibeTreBtmeot  ot  eeiT*s«  at  (be  SoUlen' H<Hne  Q««r  B«nM  Uonlcm, 

<M'   Junes  D.  Schuyler.    (60)  Jul. 
Tbe  SanJUjy  Djq»«l  ot  Munldpal  tad  butltutloiud  WmM  by  Crenutlon.*    W.  F. 

Hone.    (Atnoractof  Paparrewl  before  theAmer.PuUlcHedthAaioc.)    (60)  Jan. 
VtniilttloDandHeKtlDKlDaiePeuobiioot  Couniy  Court  Hoiue.  BuiBor,  Maine,*    «I4) 

Wtler  Sumlr  and  Dralnue  8r«flm«  In  the  Lorraine  Hotel,  New  York.*    <m)  Jan.  0. 

Bdm  PopuUiree.*    (36iDec.lO. 

Stnclonl. 

TbtDKayoT  HetalB.*   James  Tafler  Ulton,  U.  lort.  C.  E.,  and  WilUain  Jamea  LaAe. 

I63I  Vol.  154. 
Caai»ne-Hctal  ConaCmctlon,*    EmlleVUlel.    (Paper  read  before  the  Tecbnloal  Soo.  ol 

the  Padflc  Coast.)    (i)  Oct. 
Pmland  Cement  HanufacCure.    Edwin  C.  Eckel.    <iSo)  Serial  beglutJne  Dec. 
IniiiRiialg  tor  Uas-Worke.*    Norton  H.  Humpbrys.  Assoc.  M.  Inst,  CTe,    (M)  Dec.S: 

A  SDnKDded  Curml  Double  Stairway  of  Reinforced  Concrete.*    (14)  Dec.  li. 
IbCoixTeteSteelStadliimoiitheAlhletlcPleldor  aarranlUalYersily.*    (14I  Dec.  IS. 
CoomlfrSteBl  Columns  for  Relnforolng  an  Old  BulldlnB."     Keith  6.  Guthrie,    (I3) 

liity  Feet."    (14)  Dec.  IB. 
.)  Dec.  «. 

"   "'    ('3)  P^-"' 

_ _ , «  from  Water  for 

VirybiK  Lengths  ot  Time  before  Breaklne.    J.  L.  Van  Ornum,  M.  Am.  Boc.  C.  E. 

UoderplDnhieB  Corner  Column  oa  a  Slender  Pier.*    (14)  Jan.  9. 

r>brkatloa  Ju  Cltnent  Portland  Artiflciel,*    A.  Morel,    (3J)  Serial  beBlnnln«  Not,  «8, 

Isliwl ChauT  Hydraullque  et  Clmenl de Qrappler.  de  la  SocUi^  Anonymedes Chaui 

ii«Gilerla(COTWi.*  ^.  Boero.    (ii)  Dec. 
FMlHlIilsons  Jumelles.  RueHasset.kVichy<Alller).>    E.  RlTonlen.    <  js)  Dec. 
T*HlnphlCBl. 

TkeUnotaLonrtthmlc  Scale  In  Plotting  Curves.*    RuBSell  Scott  Scbolefleid,  Assoc. 
^  !l.Iiist.C.E    (ftil  Vol.154. 

Tm Problems  In  FlefdEnKlneerliig.*    Arnold  Emch.    (ij)Dec.  SI. 
WterSappI,. 
Sfphn  for  the  Uoenuey  Water- Works.*    Oerrard  HatHeld  PerrTii,  Assoc.  H.  Inst.  C.  E. 

Htwbnutshlre  Mlddl»Ward  District  Waterworks.*   William  Arcber  Porter  Tall. 

_    1»JI  Vol  164. 

»>tjnal  Formulas  tor  finding  tlie  Hailmuni  Discharges  ot  Rlters.    Robert  Hunter 

„  .fUUlHl,  M.Inst.  C.E.    (6a)Vol.  IM. 

nlun  and  Enn-Off  ot  New  Englaod,  AUantlc  Coast   and  SouthweMem  Colonulo 

„  BDhdis.    WtUlvn  O.  Webber.    1 1 )  Not. 

f»  Cleieland  Is  Checkiiig  Water  Waste.    <  60)  Dec. 

AUm Engine Pumpinz  Buttlon.*    164I  Dec. 

JtoW««.WorkBa&te,P».*   (6o)  Deo. 

■■leWMerSiiivlylnlbeBlalrBulldtnK.NewTorb.*    1 70)  Dec. 

J  Se»  Dhh  H^ter  for  Water  SerrloeT  (70)  D^ 

rarHenaicottWatorSoftener.*    (11)    Dec.  11. 
Anhitectural  Features  of  Masonry  Dams.*    <i4>  Dec.  13. 

nie  New  Water  Bupply  Tunnel  ot  Cleveland,  Ohio.    Charles  OolHng.    (14)  Dec.  IS. 
CoffRdam  for  the  SSl£  Street  Pamplog  Station  at  Chicago.*    (ijl  Dec.  IT. 
Tbe  Waldeu  Fond  Dsmot  the  Lnm  Water- Works.*    Geon;e  I.  Leland,    (14)  Dec,  19. 
The  Stonge  of  Flood  Watw.    Henry  Robinson.  M.  Inst.  C.  E.    (Paper  read  before  the 

Brllfdi  Anoc.  ot  Water-Works  Engra.)    (66)  Dec,  E9. 
As  Inqulrv  into  the  Working  of  Various  Water-Softenera.     C.  E.  Stromeyer,  M.  I. 
Mech.  E.,  andW.  B.    Baron,      (lal  Serial  beglnulng  Dec.  ffi;  (la)  Dec.  U;  (ii) 

Ke*  Water  Supplv  for  Margate.*    (ij)  D«.  as. 

Tbe  XechauicalMter  Plant  tor  tbe  DaDTiUe  Water  Company.*    (14)  Dec.  «. 

A  New  Reaerrolr  for  the  Hoylake  and  West  Klrby  Oas  and  Water  Company.    Alfred  J. 

JenkloB,  Asaoc.  H.  Inst.  C.  K.    (Abstract  of  Paper  read  before  tbe  British  Assoc  ot 

Wster-WorksEon^l    (66)Dec.8». 
TbeFaflnrBSandthePossIblHtlesor  Water  Filtration,    Allen  Hasen,  M.  Am.  Soc.  C.  E. 

(yl  Dec.  a. 
Tbe<%icfmiati  Water- Works  Tunnel.*    Paul  Q.  Bra 
Tht  Clariflcaaon  ot  Ohio  River  Wat«r  at  C     ■   " 
-     ~     ■    »1  States  Water- Works  Ai 

--. H,-»  ...«  ««.on  Works.*    John  V  ■"' 

Wiier  Supply  and  Drainage  Systems  In  I 
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CURRENT    KNQINBKRIHQ    LITERATURE. 


The  Conduit  of  the  Jem;  CItr  Water  Supply  ComiwDy,*    (14)  Serial  bagli 
The  t^ter  QBllerltK  tor  the  Water^WorKa  of  Idredo,  Texaa.      A.  L.  Hi 

Jaa.a. 
terrage  en  Terrs  de  Tabeaud  prAa  de  Jackson  (Callfomle).*    Q.  Riahoo.    < 
Wsterwa)'*. 


,  jn  ttie  Miami  ai .^ .,_ 

Le  Fort  d'Escale  de  Zeebmtnre-*    Cbarlea  Plen 

KoUce  mr  on  S^Etdme  de  R«Te- -    -  --"- 

des  Talus  Aem  Digatm  dea  Ca 

M  de  OenM«tde  Venla«.*    O.  B. 
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■arrard  College  Llbrazr 
Dec.  11,  1917. 

Gift  of 
H*  H.  Carter , 
tCBxookliin. 


Sooeig  o(  M  InfiinmB. 


OFFICERS   FOR   1904. 

Prttidtnt.  CHARLES  HERMAKY. 

Ttrm  expire*  Jatitiary,  190$:  Term  expiret  January,  j«iJ.- 

L.  F.  Q.  BOUBCAKEN,  F  3.  CURTIS, 

JAHE8  D.  SCHUTLER.  8.  L.  F.  DEYO. 

SecTtlary,  CHARLES  WARREN  HUNT. 

Treatumr,  JOSEPH  M,  KNAP. 

Direciort. 


Term  expiret  Joniwrj, 
ISM,- 
RICHARD  S.  BUCK. 
QEOROE  B.  PEORAU, 
WILLIAM  J.  WILOUa, 
WILLLAM  JACKS  ON, 
EDMUND  F.  VAN  HOESEN, 
JAUE3  L.  FRAZIER. 


Term  expires  Jan%iary^ 

ALFRED  CRAVEN, 
JOSEPH  O.  OSGOOD. 
OEOROE  8.  DAVISON 
E.  C,  LEWIS, 
HUNTER  MCDONALD. 
MEAD. 


7>nn  exptreM  Jaiwarf. 

CHARLES  B.  OOWEH. 
NEL-SON  P.  LEWIS, 
JOHN  W.  ELLIS. 
QEOROE  S.  WEB8TEB. 
RALPH  UODJESKI. 
CHARLES  D.  XARZ. 


tant  Secrelan/.  T.  J.  HcMINN. 


Standing   Committees. 


Tbb  PRXsmurr  oi 
On  Finance; 
B.  L.  F.  DEYO, 
L.  F.  Q.  BOUSCAREN, 
RICHARDS.  BUCK, 
WILLIAM  J.  WILaUS. 
CHARLES  B.  QOWEN, 


TBI  SOCIBTT    IB  tX-OjPdO   UlHBER  Or  U 


.  Comrrrns. 


On  FtMicaliom: 
GEORQE  H.  PEQRAM, 
ALFRED  CRAVEN, 
JOSEPH  O.  OSOOOD, 
GEORGE  8.  DAVISON. 

HUNTER  Mcdonald. 


On  Librarv: 
NELSON  P.  LEWIS, 
WILLIAM  JACKSON, 
B.  C.  LEWIS. 
RALPH  MODJBSEt, 
CHARLES  WARREN  HUNT 


Special   Oommittees. 

On  UNiroRM  Tebtb  or  CEHEtT :— OeorKS  S.  Webster,  Richard  L.  Huinphre7. 
W.  B.  W.  Howe,  Oeorge  F.  Swain,  Alfred  Noble,  Louis  C.  Sabin,  S.  B.  Newborry, 
ClUTord  Ricbardson.  F.  H.  Lewis. 

Oh  lUn.  Sun'ioHB ;— L.  F,  Q,  Boiucaren.  C.  W,  Buchboli,  S.  M.  FeltOD,  Robert  W, 
HUDC,  John  D.  Isaaca.  Richard  Hanltort,  H.  G.  Prout.  Joeepb  T.  Richard*.  Perdnl 
Roberts,  Jr.,  George  E.  Thackrar,  Edmund  K.  Turoer,  William  R.  Webater. 


niB  House  of  the  Society  Ib  open  from  B  i.k.  to  10  r.M.  every  day,  except  BundiF>i 
Fourth  of  July,  ThankaglTing  Day  and  ChrisCmaa  Day. 

HOVM  ow  TBI  Soamrr— aao  Wbbt  Frm-awrwinB  Stssbt,  Nww  Iobi. 
Tblkpbome  NOHBEK.  -       •       SM  Columbus, 

Cable  Address,      ....    "  Ce«.  New  York." 
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d  oplDloDB  advftDced 


SOCIETY  AFFAIRS. 

CONTENTS: 


BmiW  of  Meeanes:  

Of  Ihe  Annual  UeetlnR.  Januarv  mh,  1004 4S 

OttheSocislj,  February  M  ana  ITtb,  1904 48 

or  Uie  Board  of  DlrectlMi.  January  lith  and  JOIh  and  Febni^  Sd,  1901 4> 

B«|nrtlnfullo[  the  Ananal  HeeClDg,  Jaauar f  Wtb  and  Sist.  ISM SI 

Boon  dDmiKwbicli  the  SocletT  House  Is  opeu M 

leeiiiiH M 

ABmarConTentloa.  IB04 94 

UnlTersaL  EiptBiUon,  St.  Louis,  1904 *t 

Inwrnitional  EogiDOf  ring  CoDgren S6 

H(pi»tot  the  Board  Hi  DirectlOD.  In  the  matter  at  tbe  Proposed  Union  Engl- 

Merlng  Bulldine "B 

icaaiom  to  the  Library: 

Itoiialioiw lOe 

HjporchMt 110 

■mtiereUp  I  Additions.  Re^BnatloDB.  Deatbsi ill 

*««iiIEni(lnBeriii(Aitiole«orintoreat. IIS 


MINUTES  OP  MEETINGS. 


OF  THE  SOCIETY. 


FIFTY-FIRST  ANNUAL  MEETINQ." 

■luraary  sotli,  1904.— The  meeting  waa  called  to  order  at  10.15 
i-  ».;  PreBident  Alfred  Noble  in  the  chair;  Charles  Warren  Hnnt, 
McreUrj;and  present,  abo,  ahontSOO  memhers. 

The  reading  of  the  minuteB  of  the  meeting  of  Januar;  6th,  1904, 
w^diepenged  with. 

■a  hllteportot  Che  Firtr-OrBt  Annual  Meeting  Is  prlnMd  on  pages  SI  taWot  thla 


b,GoogIc 


Ao.  2, 

I/O.  3. 

No.  4. 

No.  5. 

No.  e. 

No.  7. 

DD  Unilorm  Testa 

14  UINUTES  OF  UBETINQS.  iBodct; 

MeBBtB.  A.  W.  Trotter,  H.  M.  Bood  and  B.  C.  Collier  were  appointed 
tellers  to  canvass  the  Ballot  for  Officers  for  the  ensuing  year. 

The  Annual  Beport  of  the  Board  of  Direction  and  the  Annnd 
Beports  of  the  Secretary  and  of  the  Treosnrer*  for  the  year  ending 
December  Slst,  19(3,  were  presented,  and,  on  motion,  duly  seconded, 
accepted  and  placed  on  file. 

The  following  were  appointed  members  of  the  Nominating  Com- 
mittee for  two  years : 

Albert  Casb Representing  Dtiirict  No.  1. 

Fbederick  Bbookb  " 

H.  A.  Van  Alstyne " 

H.  B.  liBONAns " 

Joseph  B.  Davis " 

G.  B.  NicHoLsoH " 

Fbahklih  Biffle. " 

A  progress  reportf  from  the  Special  Committee  o 
of  Cement  was  read  by  the  Secretary. 

On  motion,  duly  seconded,  the  report  was  received,  placed  on  file, 
and  the  Committee  continued. 

The  Secretary  reported  that  the  Board  of  Direction  had  awarded 
the  prizes  for  the  year  ending  vith  the  month  of  Jnly,  1903,  in  ac- 
cordance with  the  recommendations  of  the  Committee  appointed  for 
that  purpose,  as  follows; 

That  no  award  of  The  Korman  Medal  be  made; 

That  The  Thomas  Fitch  Rowland  Prize  be  awarded  to  Paper  No. 
964,  "The  Filtration  Works  of  the  East  Jersey  Water  Company,  st 
Little  rails.  New  Jersey,"  by  Oeorge  W,  Fuller,  Assoc.  M.  Am.  Soc. 
C.  E.; 

That  The  CoUingwood  Prize  for  Juniors  be  awarded  to  Paper  Ho. 
939,  "  The  Footbridge  for  Building  the  Cables  of  the  New  East  Biver 
Bridge,"  by  Isaac  Harhy,t  Jun.  Am.  Soc.  C.  E. 

The  Secretary  presented  a  special  report  as  to  the  Engineering 
Congress  and  the  Society  Convention.  J 

On  motion,  duly  seconded,  the  report  was  received  and  ordered 
placed  on  file. 

The  Secretary  presented  a  special  reportjl  from  the  Board  of  Direc- 
tion in  the  matter  of  the  appointment  of  a  Special  Committee  on 
"  Concrete  and  St  eel -Concrete. " 

On  motion,  duly  seconded,  it  was  carried  by  a  two-thirda  vote  to 
refer  the  matter  to  the  membership  for  letter-ballot. 

The  Secretary  presented  the  special  report  of  the  Board  of  Direc- 

•  Tha  Annual  Reports  of  tbe  Board  of  Direction,  the  Secretary  and  the  Treuunf. 
may  be  found  on  pages  7  to  16  ot  the  Pracetdiagi  for  January,  IBOi  (Vol.  IXX). 
t  Seepage  SO. 

tHr.  Harby  haa  BlDce  been  elected  an  Aasoclate  Hember. 
1  See  page  Sr. 
j8eepBge(>8. 
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titm  on  tbe  action  of  the  Society  oa  the  proposed  noion  Engineering 
finilding.* 

The  Preaident  made  &  Btstemeat  in  reference  to  a  subsequent  intet- 
riew  with  Mr.  Andrew  Camegie.t 

The  Secretary  read  a  letterj  from  WilliaxQ  D.  Pickett,  M.  Am.  Soe. 
C.  E.,  in  reference  to  the  proposed  Union  Engineering  Bnilding. 

Tbe  adoption  of  the  followiog  reeolntione,  oifered  by  the  Board  of 
Direction,  was  moved,  seconded  and  carried: 

(1)  Retolred,  That  the  Board  of  Direction  be  instructed  to  issae  a 
letter-ballot,  to  be  canvassed  at  the  Meeting  of  the  Society,  March  2d, 
1904,  on  the  qaeetion  whether  this  Society  shall  become  one  of  the 
CoDstitnent  Societies  in  the  occupancy  and  control  of  the  proposed 
Union  Engineering  Building,  under  tbe  terms  outlined  by  the  Joint 
CMibrence  Committee. 

(3)  Resolved,  That  should  amajority  of  the  votes  cast  be  favorable, 
the  Board  is  authorized  to  proceed  in  tbe  matter,  provided  the  exemp- 
tion from  taxation  of  the  proposed  building  is  assured,  and  tbe 
iDtereets  of  the  Society  are  otberwiee  folly  safe-guarded. 

The  Secretary  presented  the  report}  of  tbe  tellers  appointed  to 
cMTass  the  Ballot  for  Officers  tor  the  ensuing  year. 

The  President  announced  the  election  of  the  following  ofBcers: 

President,  to  serve  one  year: 

Chaklxs  Hbbhaks,  Lonisville,  Ey. 

Fiee- Presidenlt,  to  serve  two  years : 

F.  S.  Gums,  Boston,  Maes. 

S.  li.  F.  Dkto,  New  York  City. 

Trtaaurer,  to  serve  one  year : 
JoBEPB  M.  Emap,  New  York  City. 
Directors,  to  serve  three  years  : 
District  JTo.  1. — Oh&klbs  8.  Gowkn,  Oseiuiog,  N.  Y. 
iKrfricf  No.  i.-N.  P.  IjiwiB,  New  York  City. 
District  No.  2.— Joen  W.  Ejajb,  Woonsocket,  R  I. 
District  No.  ^.— Obobob  S.  Wbbstbb,  Philadelphia,  Pa. 
District  No.  5.— Bai^b  Modxbsei,  Chicago,  III. 
District  No.  7.— CHARLB8  D.  Mabx,  Stanford  University,  Cal. 
Hr.  Croes   and    Mr.    Cartwright  conducted    Mr.    Hermany,   the 
President-elect,  to  the  chair. 

Mr.  Hermany  addressed  the  meeting  briefly. 

Adjonraed. 

■Seepage  9». 
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Febniary  3d,  i904.~~The  meeting  was  called  to  order  at  8.40  p.  m., 
Alfred  Craven,  Director,  in  the  chair;  Charles  Warren  Hunt,  Secretary; 
and  present,  also,  75  members  and  11  guests. 

The  minutes  of  the  meeting  of  Jannarj  6th,  1904,  were  approved 
as  printed  in  Proceedings  toi  January,  1904.  The  approval  of  the 
minutes  of  the  Annual  Meeting  was  deferred  until  they  are  printed  in 
the  Proceedings  for  February,  1904. 

A  paper,  by  B.  A.  Thompson,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled 
"Method  Used  by  the  Railroad  Commission  of  Texas,  Under  the 
Stock  and  Bond  Law,  in  Valuing  Railroad  Properties,"  was  presented 
by  the  Secretary,  who  also  presented  a  communication  on  the  subject 
from  E.  L.  CortheU,  M.  Am.  Soc.  C.  E. 

The  subject  was  discussed  by  Messrs.  J.  G.  Tait,  F.  Lavia  and  W. 
H.  Coverdftle. 

The  Secretary  presented  a  commnnication  from  the  St.  Louis 
Engineers'  Club,  inviting  members  of  the  Society  to  use  the  rooms  of 
the  club  during  the  St.  Louis  World's  Fair. 

Ballots  for  membership  were  canvassed,  and  the  following  candi- 
dates elected: 

As  Membbbs. 
WiLLiAU  BuLLAHD  A14LEN,  Birmingham,  Ala, 
Thomas  Henri  Handbcbt,  San  Francisco,  Cal. 
Virgil  Henry  Hbwes,  New  York  City. 
HiiNRT  Llovd  Lton,  Bufialo,  S.  Y. 
WiiiLUH  EoBATio  Sanders,  Los  Angeles,  Cal. 
Geobqe  Edwabd  Sleeper,  Boston,  Mass. 
Geoboe  Aethttk  ZiNN,  Wheeling,  W.  Va. 

As  AfiBociATE  Meuberb. 
BoBBRT  Jay  Bassett,  South  Chicago,  111. 
Habold  Seibrbfbne  Boardmau,  Orono,  Maine. 
Harrt  Giiaebt  Bcrbowes,  Brooklyn,  N.  Y. 
John  Bobbb  Cameron,  Newcastle,  Fa. 
Edward  Cotmak  Clark,  New  York  City. 
Pt'-tp  Iksley  Cbaio,  Flemington,  N.  J. 
De  Forest  Halstbd  Dixon,  Brooklyn,  N.  Y. 
Alfred  Kimball  Downes,  New  York  City. 
liiNDSAT  DnNCAs,  Boulder,  Colo. 
Carl  Hamilton  Fitller,  Steelton,  Pa. 
BicHARD  Alexander  Oivek,  Memphis,  Tenn. 
William  Obantillb  Gote,  Brooklyn,  N.  Y. 
William  Kelly,  New  London,  Conn. 
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Geobqk  Obbe  MacCracebn,  New  York  City. 
OoDRN  Mbbbiuj,  Brooklyn,  N.  Y. 
Clarbncb  Warren  Noble,  Kansas  City,  Ho. 
Harbi  Thomas  Paterson,  Colorado  Springe,  Colo. 
Jaubs  Wilson  Pierce,  Cambridge,  Maea. 
Edward  Nathan  Pboott,  Berkeley,  Cal. 
Amos  Schaeffkb,  New  York  City. 
Charles  Bruoe  Stxrrr,  PittaburB,  Pa. 
Wai/trb  Evans  S^eas,  New  York  City. 
Alexanseb  Tbokbon.  Jr.,  Brooklyn,  N.  Y. 
Thomas  MacIntibr  Vinton,  New  York  City. 

As  Associate. 
John  French  Golsiko,  New  York  City. 

The  Secretary  annonnoed  the  transfer  ot  the  following  candidates, 
by  the  Board  of  Direction,  on  February  2d,  1904,  from  the  grade  of 
Associate  Member  to  the  grade  of  Member : 


Howard  Garter  Baird,  Pbcenixville,  Pa. 
JoBBPH  Hooker  CtmNiNOHAU,  Portland,  Ore. 
Francis  Winthrop  Scabborodoh,  Richmond,  Va. 

The  Secretary  annonnced  the  election  of  the  following  candidates 
by  the  Board  of  Direction  on  Febraary  2d,  1901 : 

As  JONIORB. 

WiLUAx  GoUEB  D&TIB8,  Minidoka,  Idaho. 

GciLLEKMO  OrsTATo  FiBCHBB,  Washington,  D.  C. 

BaIiPB  Hoi/r  Howes,  New  York  City. 

Julian  Piebbe  WiUiIah  Richmond,  New  York  City. 

Edward  Lawrknob  Sacerb,  New  York  City. 

Herbrbt  Spenceb,  Brooklyn,  N.  Y. 

WiLLiAH  Hrnbt  Yates,  New  York  City. 


The  Seoretary  annonnced  the  following  deaths  : 
Thomas  Fbaeman  Shanes,  elected  Member  May  2d,  1888;  died  Janu- 
ary 7th,  1904. 
Wn.T.tkv  Ward  Reed,  elected  Fellow  December  20th,  1872;  died  Janu> 
ary  10th,  1904. 
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Selwtn  MKLum  Tati.ob,  elected  Member  October  7th,  1908;  died 

JanuaTT  26th,  1904. 
Ai^FBBD  BosBNzvBio,  elected  Junior  Jnne  7th,  1882;  Uember  Jannuy 

4th,  1898;  died  Janoftry  18th,  1904. 
Adjonrned. 

February  17th,  1904. — The  meeting  was  called  to  order  at  8.40 
p.  H.,  Paat-President  Alfred  Noble  in  the  chair;  Chas.  Warren  Hunt, 
Secretary,  and  present,  also,  137  members  and  26  gnests. 

A  paper  by  Jamea  H.  Brace,  Assoc.  IS.  Am.  Soc.  C.  E.,  entitled 
"  Freezing  as  an  Aid  to  Excavation  in  Unstable  Material,"  was  pre- 
sented by  the  anthor,  and  Ulastrated  with  lantern  slides. 

A  written  commnnioation  on  the  paper  &om  Qeorge  E.  Thomas,  M. 
Am.  Boc.  C.  E.,  was  presented  by  the  Secretary,  and  the  subject  was 
disoossed  further  by  Messrs.  D.  E.  Moran,  E.  L.  Abbott,  T.  Kennard 
Thomson,  Werner  Boecklin,  H.  J.  Campbell,  £mil  Diebitsch,  J.  O. 
Tait  and  H.  Beed. 

The  Secretary  annonnced  the  following  deaths: 
Qeorge  Tbompaon  De  Forest,  elected  Associate  Member,  December 

4th,  1896;  died  Jnly  -iStb,  1901. 
Benjamin  Burgh  Smith,  elected  Member,  November  7th,  1888;  died 
February  7th,  1904. 

The  Secretary  made  an  announcement  in  relation  to  the  Inter- 
national Engineering  Congress  to  be  held  at  St,  Louis  during  the 
Annual  Convention  of  the  Society. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

Januafy  latb,  ijw^ — 8.30  p.  v.— (Adjourned  from  Jannary  5th.) — 
PresideDt  Noble  in  the  chair;  Ohaa.  Warren  Hunt,  Secretary;  and 
present,  also,  Messrs.  BrigRS,  Craven,  Cross,  Knap,  Knichling,  Osgood, 
Pegram,  Schneider  and  WilgDs. 

The  meeting  waa  deroted  to  farther  consideration  of  the  argu- 
ments for  and  against  the  joining  of  this  Society  in  the  proposed 
Union  Engineering  Bnilding,  for  presentation  to  the  Annual  Meeting, 
SDd  a  statement  was  formnlated  and  adopted. 

The  following  resolntioas  were  adopted  for  presentation  to  the 
Annoal  Meeting: 

"  The  Board  of  Direction  recommends  the  adoption  by  the  Annual 
Meeting  of  the  following  reaolntioDS. " 

"(1)  Reaoleed,  That  the  Board  of  Direction  be  instracted  to  issne 
a  letter-ballot,  to  be  oanvaaaed  at  the  Meeting  of  the  Society,  March 
2d,  1904,  on  theqnestion  whether  this  Society  shall  become  one  of  the 
Constitaent  Societies  in  the  ooonpancy  and  control  of  the  proposed 
Union  Engineering  Building,  under  the  terois  outlined  by  the  Joint 
Conference  Committee." 

"  (2)  Resotvei,  That  should  a  majority  of  the  votes  caat  be  favor- 
able, the  Board  is  authorized  to  proceed  in  the  matter,  provided  the 
exemption  from  taxation  of  the  proposed  building  is  assured,  and  the 
interests  of  the  Society  are  otherwise  fully  eafe-gnarded. " 

The  President  waa  authorized  to  appoint  a  General  Committee  to 
take  charge  of  the  organization  and  management  of  the  International 
EagineeriuK  Congress. 

Charles  Hermany,  M.  Am.  Soc.  0.  E.,  was  selected  from  the  mem- 
bership of  tbs  Society  aa  a  member  of  The  John  Fritz  Medal  Board  of 
Award. 

Adjonmed. 

January  soth,  1904. — Tbe  Board  met  during  the  Annual  Meeting 
as  reqnired  by  the  Oonatitntion,  Charles  Hermany  in  the  chair; 
Chaa.  Warren  Hunt,  Secretary,  and  present  also  Messrs.  Buck,  Cra- 
ven, Croes,  Curtis,  Davison,  Deyo,  Ellis,  Gowen,  Jackson,  Knap,  N. 
P.  Lewie,  Mead,  Modjeski,  Noble,  Osgood,  Fegram,  and  Webster. 

The  following  Standing  Committees  were  appointed  ; 

Finance  Committee  :  S.  L.  F.  Deyo,  R.  S.  Buck,  William  J,  Wil- 
gns,  L.  F.  G.  Bonscaren,  Charles  S.  Gowen. 

Pnblication  Committee  :  Qeorge  H,  Fegram,  Alfred  Craven,  Joseph 
0.  Osgood,  Qeorge  S.  Daviaon,  Hunter  McDonald. 

Library  Committee  :  Nelson  F,  Lewis,  E.  0.  Lewis,  Ralph  Modjeski, 
William  Jackson,  Chas.  Warren  Hunt. 

A  Committee  on  Membership  was  also  appointed. 

Mr.  Hunt  then  retired. 
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CbsB.  Warren  Hunt  wm  iiii&nimoaHly  elected  Secretary  for  tbe 
ensniog  year. 

Ur,  HuDt,  having  been  advieed  of  faia  election,  returned. 

Meesra.  Groee,  Noble,  and  Cravea  were  appointed  a  committee  to 
act  wilb  the  Secretary  in  the  preparation  of  tbe  letter-ballot  and 
aooompanying  statements  on  the  proposed  co-operation  of  this 
Society  in  the  Union  Engineering  Building. 

The  Secretary  was  instructed  to  iaane,  as  soon  as  possible,  the  Re- 
port in  Full  of  the  Anonal  Meeting,  covering  the  discnesion  on  the 
proposed  Union  Engineering  Building. 

The  Secretary  presented  the  present  status  of  the  proposed  Inter- 
national Engineering  Congress,  and  a  new  committee  was  appointed 
consisting  of  all  the  members  who  had  been  appointed  by  the  Presi- 
dent of  the  St.  Louis  Exposition,  together  with  the  present  Publica- 
-cation  Committee  of  the  Society. 

Adjourned. 

February  ^th,  1904.— 8.30  P.  M.— Vice-President  Deyo  in  the 
Chair;  Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs. 
Buck,  Craven,  Croes,  Ellis,  Qowen,  Jackson,  Knap,  N.  P.  Lewis, 
Osgood,  and  Pegram, 

Action  n'as  taken  in  regard  to  members  in  arrears  for  daes. 

A  letter  was  received  from  certain  members  of  the  Society  residii^ 
in  Brooklyn,  making  inquiries  on  certain  matters  connected  with  the 
proposed  Union  Engineering  Building.  A  reply  to  this  inquiry  was 
determined  npon  in  detail. 

The  resignations  of  Roscoe  B,  Jackson,  Jan.  Am.  Soc.  C.  E.,  and 
E,  B.  Naylor,  Jnn.  Am.  Soc,  0.  E.,  were  accepted. 

AppUcations  were  considered  and  other  routine  business  trans- 
acted. 

Three  Associate  Members  were  transferred  to  tbe  grade  of  Member, 
and  seven  candidates  for  Junior  were  elected.* 

Adjourned. 
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RBPORT    IN    FULL    OF  THE    FIFTV-FIRST  ANNUAL 
MEETING,  JANUARY  3oth  aiid  aist,  1904- 

WedDCsday,  January  aotb,  1904. — The  meeting  was  called  to  order  iieetinECaiied 
at  10.16  A.  M. ;  President  Alfred  Noble  in  the  Chair;  Charles  Warren 
Eant,  Becretar;,  and  preeent  also.about  300  members. 

The  Pbesident. — The  minutes  of  the  meeting  of  Jannary  6th,  1904, 
in  accordance  with  the  custom,  will  be  printed  in  the  January  num- 
ber of  Proceedinijs,  and  uome  up  in  due  course  for  action  at  the 
meeting  of  Febrnarj  3d,  1904.  In  view  of  this  fact,  the  readingof  the 
luiuntes  will  be  dispensed  with,  nnless  some  call  in  made  for  them. 

The  reading  of  the  minntea  will  be  dispensed  with. 

The  Chair  will  appoint  as  Tellers  to  canvass  the  ballot  for  officers,  ^^''^ 
Messrs.  A-  "W.  Trotter,  H.  M.  Rood  and  B.  C.  Collier,  The  billot 
does  not  close  until  twelve  o'clock,  noon,  but  in  order  to  enable  a 
report  to  be  made  as  soon  after  the  hour  as  possible,  the  counting 
will  proceed.  The  ballots  will  be  received  up  to  twelve  o'clock,  and 
«t  that  honr  the  ballot  will  be  declared  closed. 

The  report  of  the  Board  of  Direction  will  be  presented  by  the  ''"KlLf'J''" 
Secretary.  WrecHun. 

The  Secretary  read  the  report  of  the  Board  of  Direction.* 

On  motioQ,  duly  seconded,  the  report  of  the  Board  of  Direction 
was  received  and  placed  on  file. 

The  Pkesideht. — The  report  of  the  Secretary. 

The  Secretary  read  his  report-f 

On  motion,  duly  seconded,  the  report  of  the  Secretary  was  received 
and  placed  on  file. 

The  Pbesidbbt. — The  report  of  the  Treaanrer,  Mr.  Knap. 

The  Troasurer  read  his  report.  J 

On  motion,  duly  seconded,  the  report  of  the  Treasnrer  was  received 
and  placed  on  file. 

The  PHEiODBHT.— The  appointment  of  the  Nominating  Commit-  colS^f^ 
tee.  In  accordance  with  the  requirement  of  the  CouFtitutiou,  requests 
have  been  sent  out  to  members  to  make  nominations  for  the  members 
of  the  Nominating  Committee  for  each  district.  The  Secretary  will 
read  for  each  district  the  result  of  those  requests.  It  vtill  then  be  in 
order  for  any  member  to  move  the  election  of  any  person  nominated. 

The  Secbetabt.— The  nominations  for  the  First  District  are  as 
follows: 

IHtirict  So.  1. — Total  number  of  votes  received,  112;  distribnted 
as  follows: 

Al£EBT  C&BK 28 

Chas.  L.  Habbisoh 23 

AiiBX.  Bice  McKih 18 

*  Sm  Proettdiiig*,  Vol.  J2X,  p.  7  {Jaauary.  IBM). 

1  Set  Procrtdingt.  Vol.  XXX,  p.  U  (Januaryi  19W). 

ISee/Voceedfnpi,  Vol.  ZXX.  p.  IB  (Januur,  1804). 
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(Continued). 


H.  A.  La  CmooTTB 4 

J.  WiLDO  SUITH 4 

S.  W.  HoAO,  Jr 3 

L.  L.  Tbibcb. 2 

Tbe  followiDg  have  received  one  vote  each; 

J.  A.  Bbnbel,  Geo.  W.  McNci/rr, 

Jj.  L.  Buck,  DANieii  E.  Hoban, 

Wh.  H.  Burb,  Ghables  H.  Mtkbs, 

Oeo.  H.  G1.ABE,  Edw.  p.  North, 

Fbancis  Colungwoop,  John  I'.  O'Botjbsx, 

Thso.  Coopeb,  Jaubs  Owsn, 

OsoBOE  B,  CoBNixjj,  Wh.  Barci4At  Fabsonb, 

E.  L.  C0RTHE1.L,  Hbnbi  B.  Seaman, 

Wh.  B.  Follgb,  M.  B.  Shebbebd, 

GsABiiEs  H.  Orahah,  D.  McN.  Stattffhb, 

AiXES  Hazen,             ^  Gbo.  W.  TiiABOfi, 

Wh.  B.  Hillibb,  M.  A.  Viele, 

Hbnbt  Hodoe,  Ei>w.  Wbohakn, 

B.  C.  HolijTdai,  Sahubii  Whinkri, 

T.  J.  LoNo,  F.  Btcabt  Wiluahsoh. 

On  motion,  dulj  seconded,  Albert  Carr,  U.  Am.  Soc.  C.  E.,  wM 

appointed  a  member  of  the    Nominating  Committee  for  tbe  First 

District. 

ThbSbcbeiaby.— The  nominations  for  the  Second  District  are  as 

follows : 

JHgtricl  yb.  2. — Total  namber  of  votes  received,  76;  dietribated  as 

follows: 

Fbedebick  Brooks 20 

W.  H.  MooBB 17 

Edwin  D.  Qbavbs 8 

S.  E.  TlNBHAH 4 

G.  Fbank  Aiii.EN 3 

H.  A.  MririiBB 8 

J.  B.  Wobcbbtbb. 3 

A.  S.  Gheevbu 2 

X.  H.  GOODNODQH 2 


The  following  have  received  o 
j.  p.  gotton, 
Abteub  W,  Frbnch, 
Frank  W.  Hododoh, 
C  M.  Inoebsou.,  Jr., 
Wm.  Jackson,* 
Geobge  a.  KniBAUi, 


i  vote  each : 

Hbnbt  Manlbt, 
Leonard  MbtcaiiF, 
Mace  Moui/toh, 
A.  T,  Saffobd, 
Edhund  E.  Tubnbb, 
Lbonabd  C.  Wasoh, 


Henbt  B.  Woou. 

On  motion,  dnlv  seconded,  Frederick  Brooks,  M.  Am.  Soc.  G.  E., 
was  appointed  a  member  of  tbe  Nominating  Committee  for  tbe  Second 
District. 
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Thb  Sbobbtabi. — Tbe  followiog  are  the  nomi cations  for  District 
No.  3: 

Ditriti  JVo.5.— Total  onmber  of  votes  received,  25;  distiibtitcd  as 

H.  A.  Van  Aiatthb 4 

Wm.  a.  Haven 2 

JoHH  Eenneui 2 

Loots  H.  Enapp 2 

OuN  H.  Landbkth 2 

A.  H.  BUTBBHBISTEB 2 

The  following  hftve  received  one  vote  each: 

E.  A.  Bond,  Geo.  8.  Obbknb,  Jr.,* 

E.  8.  Bbck,*  E.  B.  Otthhii, 

C.  L.  GttANDAUh  E.  H.  McHenri, 

O.  J.  FiRBBoEB.  Chab.  M.  Mobsb, 

Edwin  A.  Fishes,  Falheb  0.  Bickstts, 

E.  O.  Spn-SBCBT. 

On  motion,  dulj'  seconded,  H.  A.  Tan  Alstvne,  If.  Am.  Soo.  C.  E., 
was  appointed  as  member  of  the  Nominating  Committee  for  the  Third 
Distriot. 

The  Sbcbbtaby. — The  nominations  for  the  Fourth  District  are: 
District  No.  4. — Total  number  of  votes  received,  lOS;  distributed  as 
follows: 

H.  R  Lbonabd 43 

L.  y.  SCHKRIUERHOBN 36 

GbO   K  THACKBiY 3 

J.  A.  Atwoob 2 

C.  B.  Hdnt  2 

S.  T.  Wagheb 2 

The  following  have  received  one  vote  each; 

Ebhhbtb  AUiBN,  Thos.  H.  Johnson, 

E.  M.  ]tiOBi,ow,  Mobbib  ENoni.Bs, 

Geo.  H.  Datibon,*  Theo.  A.  Lzibbn, 

J.  8.  Deans,  D.  £.  McCoub, 

M.  T.  Ehdioott,  Mansfield  Mebbimah, 

L.  M,  HArPT,  Chas,  M.  M11.1.B, 

J.  F.  Haytobd,  F,  H.  Newell. 

D.  J.  UowEU.,  Emil  8wensson, 

Wm.  Hunter,  J.  C.  Tbautwinb,  Jr.  * 

On  motion,  dalj  eecouded,  H.  R.  Leonard,  H.  Am.  Soo.  C.  £.,  was 
appointed  a  member  of  the  Nominating  Committee  for  the  Fonrth 
District. 
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Nomlnailng  The  Sbcbetaby.— The  followinK  are  the  nominations  for  the  Fifth 

Coaimlttae     n.  ,   .   . 
(Continued).    Diatnct: 

Uiatrid,  No.  5. — Total  unmber  of  votes  received,  100;  distributed  as 
follows: 

Joseph  B.  Davis  , 40 

John  W.  Alvokd 18 

Wm.  M.  Huohes 10 

Geo.  a.  Marb 3 

Cbas.  L.  Stbobel S 

Geo.  H.  Behzenbebo 2 

E.  E.  Ha3KEi>l 2 

D.  W.  Mead 2 

The  following  have  received  one  vote  each: 

•  H.  F.  Bau>win,  Chab.  F.  Loweth, 

Geo.  S.  Bbemneb,  H.  W.  Pabehubst, 

Clarence  Colehaii,  H.  E.  Bioas, 

J.  T.  FaVNINO,  J.   W.   SCHADB, 

Julian  Gkioos,  E.  C.  Shankund, 

E.  A.  Hands.  G.  W.  Vauohn, 
H.  E.  HoRTOK,  j.  F.  Wallace,* 
BoBT.  W.  Hunt,  Sahxtbl  T.  Wbllican, 

H.   O.    KeLLEY,  E.  S.   WflEKLBR, 

Geo.  W.  KnTREDOE,  Geo.  L.  WLLaoN. 

On  motion,  duly  seconded,  Joseph  B.  Davis,  M,  Am.  Soe."  C.  E., 

was  appointed  a  member  of  the  Nominating  Committee  for  the  Fifth 

District. 

The  Secretary. —The  following  are  the  nominations  lor  the  Sixth 

DiBtrict : 

BistrictNo.  6. — Total  nnmber  of  votes  received,  71;  distributed  aa 

follows : 

G.  B.  Nicholson -     22 

G.  G.  Earl  6 

B.  Bent  Rubbell 6 

Ohab.  S.  Churchill S 

J.  A.  L.  Waddbll 8 

AbTRUB  HtDER 2 

B.  F.  Thomas 2 

The  following  have  received  one  vote  each: 

T.  H,  Aldrich,  J.  W,  Hoover. 

Ward  Baujwjn.  A.  L.  Johnson, 

John  L.  Caupbbli.,  Wybkoop  Kiersted, 

W.  W.  CoE,  E.  W.  Van  Lucas, 

Wm.  p.  Craiohill,  E.  C.  McCalla, 

B.  L.  Crosby,  R.  Montfort, 

W.  E.  Cdtshaw,  E.  T.  D.  Mibbs, 

J.  A.  Faiblbioh,  John  A.  Ockebbon, 

Harbt  Frazibb,  C.  D.  Pdrdon, 

John  T.  Uarbbtt,  J.  W.  Sackett, 

L.  F.  GooDALE,  H.  M.  Steele, 

B.  M.  Habbod,  j.  L.  Van  Orndh, 

J.  F.  Hinckley,  J.  9.  Walker, 

NiSBBT  WiHGFIBLD. 
•  Ineligible. 
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On  motion,  dii]j  seconded,  O.  B.  Nicholson,  H.  Am.  3oc.  G.  E.. 
was  appointed  a  member  of  the  Nomioatiug  Comiuittef'  for  the  Sixth 
District, 

The  Seckbtabt. — The  nominations  for  the  Seventh  District  are; 
District  No.  7.— Total  number  of  votes  received,  32;  distributed  as 
follows: 

Frahkun  BiFFiB 4 

Wm.  H.  Kennedy -2 

J.   B.  IiIPPlMCOTT 2 

Cha8.  D.  Makx* 2 

H.  A.  SUMNKB 2 

The  following  have  received  one  vote  each: 

Abthub  Adams,  F.  W.  D.  Holbsook, 

E.  B.  CusHiNO.  AiiKS.  E.  Eastii, 

Abtbub  p.  Davis,  Scott  Eiko, 

Qeo.  L.  DiLUUN,  8.  D.  Maboh, 

W.  A.  Drake,  Wm.  O  Molkb, 

J.  £.  Eablet,  A.  F.  BoBiNSON, 

C.  r.  W.  Felt,  James  D.  Schuyleb,* 

RoBEBTO   Qatol,  J.  H.  WaI4I,ACE, 

C.  E.  Gbpnbkt,  W.  H.  Wbntwobth, 

D.  C.  Henky,  E.  Wbioht. 

On  motion,  dnlj  seconded,  Franklin  Riffle,  M.  Am.  Soc.  0.  E,,  was 
appointed  a  member  of  the  Nominating  Committee  for  the  Seventh 
District. 

Thb  Pbebident.— The  report  of  the  Committee  on  "  Uniform  Tests      jt^^, 
of  Cement "  will  be  read  by  the  Secretary. 

The  Secretary  read  the  report  of  the  Committee  on  Uniform  Teats 
of  Cement,  as  follows  : 

Ub.  Fbesioent,  and 

Meubebs  op  the  Amebican  Society  of  Civii,  Enoinbbbs, 

Okntlbmbn: — Since  the  presentation  of  the  Progress  Report,  at  the 
last  Annual  Meeting  of  the  Society,  yonr  Committee  on  Uniform  Tests 
of  Cement  has  continued  its  inveatigations  of  the  several  matters 
referred  to  in  this  report. 

A  number  of  laboratory  meetings  were  held,  at  which  representa- 
tives from  many  of  the  prominent  eastern  laboratories  were  present 
and  took  part  in  the  investigations  which  were  made, 

(1)  In  accordance  with  the  recommendations  of  the  Committee, 

(2)  In  accordance  with  the  operators'  nsnal  practice. 

Ttke  results  showed  a  greater  accordance  when  the  operators  fol- 
lowed the  Committee's  methods  than  when  each  followed  bis  own 
methods,  and  in  many  cases  the  results  obtained  by  an  operator  using 
the  methods  suggested  by  the  Committee  were  higher  and  more  nearly 
uniform  than  those  obtained  when  he  used  bis  own. 

The  reaaUs  of  the  year's  work,  while  not  conolosive,  are  highly 
gratifying.  


iDeligtble. 


;oiDiDiItee. 
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The  followiog  obanges  in  the  FrogreBS  Report  of  joxa  Committee 
hftve  been  considered  adTisable: 

Par.  31.  Strike  out  the  wotde  "600  grame"  "  o(  Cement,"  and 
insert  after  the  word  ''determination,"  the  following:  "The  same 
qnantitj  of  cement  as  will  be  anbeetjuentlj  used  for  each  bat«h  is 
making  the  briqnettee  (bat  not  lees  than  500  gramH)." 

Par.  34.  Strike  ont  the  paragraph  and  insert:  "The  Committee  has 
recommended,  as  normal,  a  paste,  the  consiatencj  of  which  is  rather 
wet,  because  it  believes  tbat  variations  in  the  amount  of  compression 
to  which  the  briquette  is  subjected  in  moulding  are  likelj  to  be  lees 
with  such  a  paste." 

Par.  46.  Insert  at  the  end  the  clause:  "Sand  having  passed  the 
No.  20  sieve  shall  be  considered  standard  when  not  more  than  one 
per  cent,  passes  a  No.  30  sieve  after  one  minnte  continnons  sifting  of 
a  600-gram  sample." 

Par.  70.  Insert  at  the  end  "  or  preservation  in  air. " 

Par.  72.  Insert  at  the  end  "a  similar  pat  is  maintained  in  air  at 
ordinarj  temperature  aud  observed  at  intervale." 

Pat.  73.  Strike  out  accelerated  teat  "(a)."  The  Committee's 
experiments  show  that  this  test  is  of  no  practical  valne  within  any 
reasonable  period  of  time. 

The  following  investigations  are  still  in  progress: 

1.  The  effect  of  magnesia  (MgO)  and  snlphnrio  acid  (SOj)  on  the 
quality  of  the  cement, 

2.  The  effect  of  drying  on  the  determination  of  speciflo  gravity, 

3.  The  value  of  suggested  changes  in  the  shape  of  the  briquette 
and  the  form  of  the  clips, 

4.  The  valne  of  the  suggested  methods  for  making  the  accelerated 

6.  The  proper  rate  of  applying  the  load  in  tension  tests, 

6.  The  valne  of  a  more  plastic  paste  for  the  neat  cement  tests, 

7.  The  formula  for  the  determination  of  the  proper  percentage  of 
water  for  mortars,  and 

8.  The  substitution  of  a  natural  sand  for  the  standard  quartz. 
These  investigations  have  not  been  completed,  because,  for  the  most 

part,  they  extend  over  long  periods  of  time. 

In  view  of  the  incompleteness  of  this  work,  your  Committee  can- 
not present  a  final  report  at  this  time,  and  requests  that  it  be 
continued. 

Submitted  on  behalf  of  the  Committee. 

O.  S.  Websteb, 

Chairman. 

RlCB&IU>   L.    HUHPHBGV, 

Cbmmillee:  Secretary. 

Oeoroe  S,  Webbteh, 

RiCBARD  L.   HiTMPHRET, 

Qboroe  F.  Swaib, 
Alfbed  Noble, 
LoiTis  C.  Sabin, 
S.  B.  Newbebhy, 

Cl^fFOKD  ElCHAEDSON. 

W.  B.  W.  HowB, 
F.  H.  Lewis. 

Thk  Pbesident. — The  report  of  the  Committee  is  before  the  meeting. 
What  disposition  shall  be  made  of  it? 
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It  was  moved  and  seconded  that  the  report  he  received  and  phuied 
on  file,  and  that  the  request  of  the  Oommittee  that  it  be  oontinned,  be 
approved. 

The  motion  was  carried. 

The  Peestoknt.  — The  Secretarj  will  preaent  a  report  from  the 
Board  of  Direction  as  to  the  award  of  prizes. 

The  Secretarj  read  the  report.* 

On  motion,  dulj  seconded,  the  report  was  received  and  placed  on 
file. 

Thb  Pbcbidsnt. — The  Secretary  will  present  a  special  report  as  to    ] 
the  Engineering  Congress  and  Society  Convention. 

The  Secretary  read  the  following: 

Report  in  Regard  to  an  International  Congress  of  Enclneerlng. 

The  Society,  as  announced  in  the  Annual  Beport  of  the  Board  of 
Direction,  has  undertaken  the  orgaoisation  and  management  of  an 
International  Engineering  CoDgrees,  to  be  held  at  St.  Lonie,  Mo., 
daring  the  week  beginning  October  8d,  1904. 

The  general  plan  and  scope  of  this  Congress  are  as  follows : 

A  nnmber  of  engineering  subjects  have  been  selected,  each,  it  is 
believed,  of  live  interest  at  the  present  time.  On  each  of  these  special 
subjects,  an  engineer,  especially  qualified  for  the  work,  will  be  asked  to 
prepare  a  succinct  review  of  the  development  of  practice  during  the 
past  ten  years,  and  to  give  a  brief  summary  of  present  practice.  At 
least  one  such  expert  in  America  will  be  asked  to  write  on  each  of 
thene  subjects,  and  to  confine  hia  paper  to  American  practice.  Esi>erts 
in  other  countries  will  be  asked  to  contribute  similar  papers,  covering 
foreign  practice. 

The  plan  is  to  print,  as  far  as  possible,  these  papers  in  advance  of 
the  date  for  holding  the  Congress,  so  that  they  will  be  available  for 
those  desiring  to  discuss  them. 

It  is  not  the  intention  to  read  any  papers  at  the  Congress,  but  to 
throw  open  each  of  the  subjects  for  farther  discussion. 

I'romises  of  papers  on  twenty  or  more  of  the  Bubjecte  selected  have 
already  been  received  from  American  engineers,  and  the  project  has 
generally  been  received  with  ao  much  interest  that  it  is  believed  a 
notable  contribution  to  engineering  literature  will  result. 

The  acceptance  of  the  invitation  of  this  Society,  for  a  visit  to  this 
country  by  members  of  the  Institntion  of  Civil  Engineers  some  time 
ago,  has  resulted  in  an  arrangement  by  which  it  is  exjtected  that  a 
large  party  of  British  Engineers  will  arrive  in  New  York  in  the  tatter 
part  of  September,  so  that,  after  visiting  the  Society  in  its  house,  they 
may  go  to  St.  Louis  during  the  Congress. 

In  addition  to  this,  engineers  in  all  other  foreign  countries  will  be 

*  Bee  Pncttdingt,  ToL  ZZZ,  p.  S  (Jumarr,  IHN). 


b,GoogIc 


S8  BEPOBT  OF  THE  ANNUAL  XBETIHO.  [Sociaty 

Internatioiuit  invited  to  join  the  Congress,  and,  as  the  Convention  of  this  Society 
CooKTMB^  will  be  ooinoident  with  the  Oongieea,  everything  points  to  a  very  large 
(CoDtinuetf).  attendance. 

It  woe  moved  and  seconded  that  the  report  be  received  and  filed. 
E.  P.  NoBTH,  H.  Am.  Soc.  C.  E.— Wonld  it  not  do  to  move  at  one 
time  that  all  these  reports  be  received  and  flled? 

Tbb  Pbbsidbmt. — The  Chair  may  venture  to  assume  that  is  the 
desire  of  the  meeting. 

H.  R  Leonasd,  M.  Am.  Soc.  0.  E.— I  think  it  may  be  well  to  add 
to  Mr.  North's  motion,  that  the  report  be  approved  and  filed. 

Thb  Pbesidbnt. — I  will  pnt  Mr.  North's  motion.  I  think  it  would 
be  better  to  confine  it  to  this  subject,  that  the  report  be  received, 
approved  and  filed. 

The  motion,  being  pnt  to  vote,  was  carried. 

Thb  Pbbsidrnt. — The  next  paper  may  give  rise  to  some  diecnssion, 

and  the  Chair  would  request  that  members,  in  rising,  for  the  benefit  of 

the  stenographer,  announce  their  names. 

Imposed  The  Secretary  will  present  a  special  report  from  the  Board  of 

Committee  on  Direction  in  the  matter  of  the  appointment  of  a  Special  Committee  on 

sSS^to^e^,  "Concrete  and  Steel -Concre t e. " 

The  Secretary  read  the  report,  aa  follows: 


At  the  Annual  Convention,  June  11th,  1903,  the  following  resolution 
was  adopted: 

"It  is  the  sense  of  this  meeting  that  a  Special  Committee  be  ap- 
pointed to  take  up  the  question  of  concrete  and  at  eel-concrete,  and 
that  such  committee  co-operate  with  the  Association  for  Testing  Mate- 
rials, and  the  Railway  Engineers'  Maintenance  of  Way  Ajsaociation, 
which  also  have  a  committee  on  this  subject." 

At  the  regular  Business  Meeting  of  the  Society,  September  2d, 
1903,  all  the  necessary  preliminary  steps  were  taken,  and  the  matter 
was  referred  to  the  Board  of  Direction,  under  Article  VI,  Section  12, 
of  the  Constitution. 

The  Board  of  Direction  now  presents  the  proposition  for  the  ap- 
pointment of  such  Committee,  recommending  a  letter-ballot  upon  it, 
and  presents  herewith  arguments  for  and  against  such  appointment. 
Abocubnts  in  Favob. 

1. — Concrete  when  used  either  alone  or  in  combination  with  steel 
presents  so  many  advantages  over  other  materials  that  it  will  soon  be 
used  in  the  greater  part  of  all  engineering  structures.  This  is  already 
the  case  in  Europe. 

2. — The  results  of  tests,  up  to  the  present  time,  made  in  the 
e  laboratories  in  this  country,  indicate  that  unleRs  all  tests  are 
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made  under  aiftotlj  the  aame  conditioas  do  oompariBons  are  possible, 
and  therefore  the  reenlts  are  ia  doubt. 

3. — The  nee  of  this  material  should  be  guided  b;_a  Committee  of 
this  Sacietj.  ConclDsions  reached  by  such  a  Committee  nonld  carry 
^reat«r  weight  on  this  subject  than  those  of  any  similar  Committee 
from  any  other  engineering  society. 

i. — Similar  Committees  have  been  appointed  by  the  Railway  Eu- 
gioeers'  Maintenaace  of  Way  Association,  and  the  Association  for 
Testing  Materials,  and  the  co-operation  of  these  and  similar  Oommit- 
tens  with  a  Committee  of  this  Society,  would  add  strength  to  its 
coDclnsious. 

Aboumbnts  Aoaikst. 

1. — The  subject  is  a  very  compreheusive  one,  and,  if  properly 
carried  on,  represents  a  great  deal  of  work. 

2. — ExperieQce  has  shown  that  in  several  cases  Special  Committees 
to  report  on  engineering  Bubjects  have  been  appointed,  and  have  been 
continued  for  years  without  having  accomplished  anything,  or  made 
a  daal  and  fonclusive  report,  nnless,  therefore,  there  iB  a  strong  de- 
mand fut  the  appointment  of  a  Committee  to  report  on  Concrete  and 
Steel -Concrete,  a  demand  which  wonid  indicate  a  prospect  of  actual 
accomplishments,  it  should  not  be  appointed. 

By  order  of  the  Board  of  UirectioD. 

Chas.  Wahreh  Hdnt, 

SecreSari/. 

Janhabt  19th,  1904. 

A  Member.  — I  more  that  that  be  acted  on  by  letter-ballot. 

The  Pbbsideht.— Is  the  motion  seconded? 

J.  J.  R.  Cboes,  Past- President,  Am.  Soo.  C.  K. — I  second  the 
motion.  Is  it  in  order  to  send  aquestion  ont  to  letter-ballot  presented 
in  that  form? 

The  PBESiDRtiT.— Will  the  Secretary  read  the  requirements  of  the 
Constitution? 

The  Secretary  read  Section  12,  Article  VI,  of  the  Constitution, 

The  President. — The  Chair  is  of  the  opinion  that  the  motion  ia  in 
order.     Are  there  any  remarks  on  the  motion? 

This  vote  requires  a  two-tbirda  vote  of  the  corporate  members 
present.  The  Chair  will  therefore  request  the  corporate  members 
present,  who  are  in  favor  of  the  issuing  of  this  ballot,  to  rise. 

The  Secretary  announced  146  voting  in  the  afBrmative. 

The  President  declared  the  motion  carried. 

Thb  PBEsmmra. — The  Secretary  will  read  the  special  report  of  the  proposed 
Board  of  Direction  on  the  action  of  this  Society  on  the  proposed  EnKiS^Stng 
Union  Engineering  Building.  Building. 

The  Seoretftry  read  the  special  report.* 


id  to  all  oorporate 
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Tke  Fbbsidbnt. — Since  the  statement  of  the  16th  inet.  regard- 
{  ing  the  project  for  m  TJuion  EDgineeriDg  Boilding  was  isaned  by  tli» 
I  Board  of  Direction,  a  further  developinetit  of  great  importance  has 
oocnrred,  which  it  is  mj  dutj  to  laj  before  this  meeting.  This  action  i» 
not  merely  of  my  own  determination,  bnt  is  ooncnrred  in  and  inaiBted 
on  by  all  the  memhera  of  the  Board  of  Direction  with  whom  it  ha«beeD 
possible  to  consult.  Throngh  the  initiative  of  the  Joint  Conference 
Committee,  composed  of  representatives  of  the  five  organizatioD» 
named  in  Mr.  Carnegie's  original  offer,  an  interview  was  hitd  with  Hr. 
Carnegie  at  hb  residence  on  the  evening  of  the  18th  inst.  This  wa» 
attended  on  the  part  of  the  organizations  by  one  representative  from 
each,  the  American  Society  of  GivilEagineers  having  been  represented 
by  me.  It  was  represented  to  Sir.  Carnegie  that  preliminary  plans  of 
the  proposed  bni  Id  ing,  baeedonestimatesof  space  reqnired,  submitted 
for  the  several  organisations,  showed  that  the  amount  named  by  hina 
iu  his  original  letter  of  gift— SI  000  000— would  not  be  adequate  for  the 
purpose  intended,  and  approximate  estimates  of  cost  of  a  snitable- 
building  were  submitted,  whereupon  he  added  the  following  word» 
to  hie  original  offer: 

"JantabyIS,  1904. 

"  Your  plans  for  all  the  Societies  show  a  greater  sum  needed.  I 
nutke  it  one  and  a  half  millions. 

(fflgned)        "  AmtRRW  Carmboib." 

A  certified  copy  of  the  original  offer  with  the  above  paragraph 
appended  is  herewith  submitted  for  the  files  of  the  Society. 

Early  in  the  conference  Mr.  Carnegie  showed  great  interest  and 
anxiety  as  to  the  probable  action  of  this  Society,  expressing  the  idea, 
that,  in  readiness  to  co-operate,  Americans  escelall  other  nationalities, 
and  hence  their  work  is  more  effective;  the  hope  that  this  Society 
would  decide  to  co-opetate  by  a  great  majority,  and  not  by  a  mere- 
numerical  superiority,  and  the  strongest  desire  to  provide  a  suitable 
home  for  the  whole  engineering  profeHsion.  The  idea  of  complete 
co-operation  was  constantly  on  his  mind,  and  he  frequently  recurred  to- 
it  as  essential  to  the  carrying  out  of  his  project.  To  a  suggestion  that 
the  details  should  be  proceeded  with  vigorously,  he  demurred,  saying 
it  would  be  necessary  to  ascertain  first  whether  the  American  Society 
of  Civil  Engineers  would  accept,  and  by  repeated  reference,  made  it 
clear  that  he  anticipated  the  acceptance  of  all  the  organizations,  and 
allowed  uncontradicted  the  inference  that  only  the  acceptance  of  all 
five  organizations  would  make  the  offer  effective.  Among  other  ex~ 
pressions  one  was  particularly  pointed;  that  if  this  Society  should 
decline  to  come  into  the  project,  he  would  have  on  his  hands  the  five- 
lots  purchased  for  the  Engineering  Building,  bnt  he  did  not  con- 
sider this  investment  a  serious  matter. 

The  conference  is  reported  in  some  detail  because  it  indicates  an 
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impoitaiit  differenoe  in  the  Btatns  of  the  project  from  that  heretofore 
«nppoBed  bj  the  Board  of  Direction,  on  which  its  Btatemeut  haa  been 
predicated.  The  Board  has  had  ample  reason  to  believe  that  Mr. 
Cam^e  vonld  provide  for  the  other  organization s  even  if  this 
Societj  decided  that  its  beet  intereeta  required  it  to  stand  apart; 
and  it  is  not  doabted  that  snoh  waa  Hr.  Carnegie's  idea  at  one  time. 
Now,  however,  it  is  clear  that  his  offer  should  be  taken  exacti;  as 
'Written  to  all  of  the  organizations  and  not  to  a  part,  these  organiza- 
tions being  the  four  National  Engineering  Societies  and  the  Engineers' 
Clnb. 

It  is  notintended  to  convej  the  idea  that  Mr.  Carnegie,  either  at 
this  conference  or  previonslj,  distinctly  stated  that  he  wonld  with- 
draw his  offer  if  this  Societj  should  not  join  in  the  acceptance,  bnt  he 
left  the  fear  that  the  non-aooeptonce  b;  an;  one  wonld  result  in  a 
withdrawal  of  the  offer. 

Thx  BHOBBTAitT. — Mr.  President,  I  have  a  letter  which  was  written 
hy  a  very  old  member  of  the  Society,  with  the  intention  that  it  shonld 
be  read  at  this  meeting  at  this  time. 

Thb  Pbbsidknt. — The  Secretary  will  read  the  letter. 

The  Secretary  read  the  following  letter: 

FoBi  Bbab,  Wiohino, 

Jahcast  10th,  1904. 
Mb.  QiTABT.Tta  Wabbxn  Hunt, 

Secretary,  American  Society  of  Civil  Engineers, 

220  West  57th  St..  New  York  City. 

Dkab  Sis:  Ab  the  decision  of  the  Booietj  will  probably  be  made  at 
its  approaching  Annual  Meeting  on  the  20th  of  January,  as  to  its 
acceptance  or  not  of  the  proposition  of  that  great  philanthropist 
Andrew  Carnegie,  1  desire  to  briefly  express  my  views. 

As  the  subject  is  now  understood,  Mr.  Carnegie  stands  ready  to 
donate  one  and  a  half  millions  of  dollars  for  the  erection  of  a  suitable 
building  in  New  York  City  for  the  joint  Headquarters  of  "  The  Ameri- 
-oau  Society  of  Civil  Engineers,"  "  The  American  Society  of  Mechanical 
Engineers,"  ''The  American  Society  of  Mining  Engineers  "  and  the 
Engineera'  Clnb  (a  purely  sooial  cIud),  four  distiact  Corporations. 

I  am  decidedly  opposed  to  the  acceptance  of  this  offer  by  the 
American  Society  of  Civil  Engineers  for  the  following  coneidetatioDs: 

From  its  inception,  something  over  fifty  years  ago,  by  a  few  Civil 
Engineers  resident  in  anil  around  New  York  City  (the  names  of  James 
LAnrie,  Charles  W.  Copelaad,  Julius  W.  Adams,  Alfred  W.  Craven, 
James  P.  Kirkwood  and  Robert  W.  Gorsuch  are  now  recalled),  the 
8o(;iety  has  increased  from  a  memlierehip  of  40  to  50  (np  to  the  out- 
break of  our  war  between  the  States)  to  a  membership  of  nearly  three 
thonsand  at  the  present  time.  Its  membership  embraces,  practically. 
all  the  leading  Civil  Engineers  of  this  Country.  Its  professional 
papers,  issued  monthly,  will  compare  favorably  in  point  of  ability 
with  those  of  any  similar  society,  and,  as  a  Society,  by  its  commanding 
influence,  it  is,  by  all  odds,  the  leading  Society  of  Engineers  of  the 
Western  Hemisphere,  as  the  British  Institute  of  Engineers  is  of  the 
Eastern  Hemisphere. 
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Propoeed  AJthoiiKb  its  progreee  has  been  phenomenal,  mach  more  tapid  than 

BjiS^iSing  eithpi  the  British  Institute  or  of  the  leading  French  Society  for  a 
ffiiUdinR  similar  length  of  time  {as  per  report  of  our  aecretary),  its  progress 
{ConUnuedi.  was  retarded  twelve  and  a  half  years  by  the  adTent  of  that  bloody 
condiot  between  the  States,  from  1860  to  1865  (which  has  immortalized 
the  American  Soldier).  The  smoke  of  that  conflict  had  not  more  than 
cleared  awar  ere  the  Uembeis  of  our  Society  resident  in  and  around 
New  York  City  (the  names  given  at  the  beginning  of  this  article  being; 
conspicnons)  took  steps  to  gather  togetherthe  remnant  of  the  Society, 
preparatory  to  its  reenscitation  on  Oct.  2d,  1867.  The  Society  was 
reorganized,  all  the  old  members  in  either  section  of  the  country  were 
notified,  and  its  onward  progress  was  commenced.  Since  that  date- 
its  growth  in  membership  and  influence  had  been  pheaomenal.  From 
a  membership  of  about  50  in  1867,  it  has  increased  to  nearly  3  OOO 
at  the  present  time,  a  membership  that  for  high  professional  character 
and  ability  is  not  ejceeded  by  any  similar  society  of  the  world.  In 
going  by  the  number  of  monthly  applications  ior  membership,  in  a 
few  years  the  number  will  increase  to  5  000  names,  if  the  Society  so 
desires.  Its  income  will  increase  proportionately.  At  present  it  is 
BoScient  for  the  monthly  pablication  of  professional  papers  that  are 
of  immense  benefit  to  non-reeident  members,  especially  to  younger 
members,  and  causes  tbem  to  take  a  personal  interest  and  pride  in  the 
Society. 

A  member,  who,  as  the  writer,  may  have  visited  the  dingy  and 
badly  lighted  quarters  of  the  Society  at  73  William  Street  as  late  as 
1875.  and  compares  them  with  the  modem,  elegant  and  commodious 
quarters  at  220  West  57th  St..  is  apt  to  conclude  that  the  Society,  as 
yet.  needs  no  more  suitable  quarters. 

For  reasons  outlined  as  above,  I  earnestly  oppose  the  offer  of  Mr. 
Carnegie,  coupled  as  it  is  with  a  kind  of  partnership  with  other  socie- 
ties, however  worthy  their  object  or  however  high  the  character  of 
their  membership.     The  Uechanical  Engineers  and  the  Mining  En- 

gineers  might  well  be  domiciled  in  the  same  building.  The  American 
ociety  of  Civil  Engineers  should,  by  all  means,  have  a  separate 
building,  In  ten  or  fifteen  years  a  very  large  building  may  be  needed 
for  library  room  and  it«  other  wants.  At  present,  it  seems  to  me,  we 
need  no  more  oommodions  quarters.  By  the  time  larger  quartert  u« 
needed,  a  way  will  be  pointed  out  to  obtain  them.  I  am  sure  the 
great  philanthropist,  Ajidrew  Carnegie,  will  appreciate  the  reasons 
for  our  declining  of  hie  offer  (should  tnat  be  the  decision),  and  it  may 
be  he  would  agree  to  divide  up  the  donation  for  each  Society.  Should 
the  amount  be  sufficient  for  greatly  enlarged  quarters,  it  should  be 
accepted.  Mr.  Carnegie  has  set  such  a  pace,  for  the  men  of  great 
wealth,  by  liberal  donations  to  works  of  charity  and  edncation  that, 
should  he  not  respond  to  the  last  suggestion,  there  will  b"  found 
others  who  would  consider  they  honored  themselves  as  well  as  the 
cause  of  science  by  a  donation  of  snob  amount  and  with  such  condi- 
tions as  would  be  acoeptableto  the  Society. 

I  have  been  a  Member  of  the  Society  for  more  than  fifty  years  and 
am  olassed  among  the  "  Charter  Members  "  by  yonr  report,  and  with 
Mr.  Meyer  and  the  surviving  members  of  that  class.  It  has  been  my 
misfortune  to  be  engaged  in  life  so  far  from  Headquarters  as  to  have 
attended  only  a  few  of  the  Annual  Conventions  or  participated  in  the 
benefits  of  the  Society,  except  thro'  its  publications.  I  have  always 
taken  a  deep  interest  in  its  welfare  and  have  been  the  means  of  getting 
a  good  many  new  members. 
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Now,  in  tbe  declioe  of  life,  I  feel  a  deeper  intereat  than  ever,  and 
hope  my  views  w  given  above  will  be  the  views  of  the  Societj.  I  am 
Bture  that,  4M>nId  the  foandera  of  the  Society  be  oonsnlted,  they  would 
coincide  with  my  views. 

Very  tmly, 

William  D.  Pickbtt, 

M.  Am.  Soc.  C.  E. 

The  SBCBBTAfiir.— Mr.  Pickett  wbb  elected  a  Member  of  the  Society  ^pJ^J^^™ 
on  Jnly  6th,  1853.     (Applanse.)  EnSS'™ 

Thb  Pbhsipkht. — In  order  to  bring  the  recommendation  of  the      i^dLg.^ 
Bo«rd  before  the  Society  at  tbis  stage,  the  Secretary  will  read  the 
resolntions  which  they  have  recommended  tor  adoption. 

The  resolntions  were  read  by  the  Secretary  as  follows : 

"  (1)  Retoloed,  That  the  Board  of  Direction  be  instracted  to  issne 
a  letter-ballot,  to  be  canvassed  at  the  meeting  of  the  Society,  March  2d, 
1904,  oD  the  qneation  whether  this  Society  shall  become  one  of  the 
Constituent  Societies  in  the  oconpancy  and  control  of  the  proprosed 
Union  Engineering  Building,  under  the  terms  outlined  by  tne  Joint 
Conference  Committee. 

"  (2)  Jfesuit)«d,  That  should  a  majority  of  the  votes  cast  be  favorable, 
the  Board  is  authorized  to  proceed  in  the  matter,  provided  the  exemp- 
tion from  taxation  of  the  proposed  bnildiug  is  asenred,  and  the  inter- 
ests of  the  Society  are  otherwise  fully  safe-guarded." 

It  was  duly  moved  and  seconded  that  the  resolutions  offered  by 
the  Board  he  adopted. 

Thb  PsBSiDBtiT.— The  subject  is  now  before  the  meeting  for 
discussion. 

P.  G.  RiCKKTTS,  M.  Am.  Soc.  C.  E.— Mt.  President,  1  move  that 
the  Board  be  requested  to  send  out  with  this  ballot  a  statement  to 
the  effect  that  the  members  here  present — a  majority  of  the  members 
here  present — are  Uot  in  favor  of  accepting  the  proposition. 

The  motion  was  duly  seconded. 

BoBBBT  Cabtwbioht,  M.  Am.  Soc.  C  R  —Mr.  President,  in  view  of 
the  importance  to  the  Society  of  this  question  that  comes  up  now 
before  us,  in  view  of  the  marked  influence  it  may  have,  I  would  move, 
sir,  that  nothing  comes  from  any  man  on  the  floor  whoisnot  a  member 
of  the  Society.  I  want  to  cut  out  all  outside  discussion  or  representa- 
tion. We  may  have  presented  to  ne,  as  by  a  lawyer,  specious  argu- 
ments and  sneh  representations  as  will  befog  us.  Now,  we  are  here 
for  business;  we  want  to  consider  this  calmly,  quietly,  and  fortbe  best 
interests  of  the  American  Society  of  Civil  Engineers. 

As  a  non-resident  member,  1  may  have  strong  feelings  in  the  mat- 
ter.    I  don't  want,  at  this  stage  of  the  game,  to  second  the  motion. 
I  want  to  wait  a  little  while  until  we  have  had  an  opportunity  to  be-  • 
come  educated  on  the  subject.     No  man  will  go  farther  than  I  will  in 
my  respect  to  Andrew  Carnegie.     At  the  same  time,  we  are  a  child 
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Disc^riOD  on  bom,  we  &re  walking,  we  have  grown  from  nothing  almost  to  what  we 
U^^^  are,  and  we  still  oon  grow  without  anj  outside  assistance.  (Applanse.) 
^12^^^^^  As  one  of  the  old  veterans  in  this  Bocietj,  I  can  remember  when 

(OoDtlniMd).  there  were  somewhere  about  275  in  its  membership,  and  now  we  have 
somewhere  about  3  000.  I  have  grown  with  it,  and  in  the  fatnre  we 
still  will  grow  and  have  our  own  home,  and  not  have  a  half  interest. 
We  want  to  he  the  whole  thing.  We  are  the  whole  thing.  Without 
anj  wish  to  speak  against  the  other  sodeties,  I  am  in  favor  of  all  the 
engineering  societies  of  the  land.  At  the  same  time,  we  cannot  in- 
clude these  other  societies,  in  my  estimation,  withont  detriment  to 
the  American  Society  of  Civil  Engineers.  (Applaose.)  We  have  a 
reeognition  in  Enrope  and  all  over  the  world.  That  is  our  membei- 
sbip,  and  we  are  second  to  none,  and  I  want  to  preserve  that.  I  want 
that  the  American  Society  of  Civil  Engineers  shall  not  be  a  kinder- 
garten and  have  sabsoriptions  to  keep  it  ap. 

Now,  mind,  don't  misunderstand  me.  I  am  not  saying  one  word 
against  Ur.  Carnegie's  donation.  What  he  has  done  has  been  done 
grandly.  At  the  same  time,  when  his  donation  includes  these  other 
aocieties  and  asocial  cinb,  Idraw  the  line.  I  belong  to  the  Engineers' 
Clnb,  but  it  is  not  to  be  anpposed  that  this  Society,  made  up  as  it  is 
of  a  world-wide  membership,  shall  have  to  go  through  the  portals  of 
an  Engineers'  Club  to  get  into  the  Society.  We  take  in  everything. 
Onr  Constitution  is  wide  enough  and  broad  enough  to  take  in  any 
man  who  hae  the  requisite  qualifications.  It  is  all  well  enough  to  have 
these  sub-societies,  but  how  long  would  it  be,  if  you  got  into  this 
thing,  before  onr  little  quarter  interest  in  the  executive  board  in  that 
corporation  would  have  to  give  way  to  a  preponderauoe  of  the  others, 
and  we  would  be  nothing?  That  is  as  it  appears  to  me.  Now  we  are 
all  here,  let  every  man  give  his  true  opinion  of  these  things,  withont 
any  bias.  Seep  it  to  ourselves.  I  make  that  motion,  that  no  man  be 
allowed  to  address  this  Society  unless  he  is  a  member  of  the  Amerioan 
Society  of  Civil  Engineers. 

The  motion  was  duly  seconded. 

The  Fsbsidbht.— The  Chair  hardly  thinks  it  necessary  to  put  that 
question  to  B  vote.  The  feeling  of  the  membership  is  unmistakable, 
and  the  Chair  will  undertake  to  see  that  the  debate  is  confined  to  the 
membership  of  the  Society,     No  one  else  is  desired  to  speak. 

The  question  is  upon  Professor  Bicketts'  amendment,  adding  an 
additional  clause  to  the  resolution  proposed  by  the  Board. 

£.  A.  BoKD,  M.  Am.  Soc.  C.  E.— Hr.  President,  I  would  like  an 
explanation  in  regard  to  the  exemption  from  taxation.  I  do  not  un- 
dersland  that  question.  Do  you  understand  what  the  method  is  of 
this  Society  being  exempted  from  taxation  in  case  they  should  decide 
to  take  the  new  location? 

Me.  Gboes. — Mr.  PrMident,  we  want  to  know  now  what  we  are 
called  upon  to  vote  on  at  the  present  time.     There  seem  to  be  two 
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tesoIatlonB  offered  by  the  Boud  of  Direction,  Bud  two  additional 
lesoIntionB.    WbaX  are  -we  called  on  now  to  vote  on  first? 

Tkb  Pbbsisxmt. — The  qneation  ia  npon  the  adoption  of  theamend- 
ment  offered  bj  Profeesor  Bicketts.  Will  Profesflor  Bickette  state 
faie  amendment? 

J.  F.  0'BouKKB,M.  Am.  Boo.C.  E.— Mr.  PreBident,  Iriaetoapoint 
of  order.  My  point  of  order  is  that  Mr.  Biokette'  motion  ia  ont  of 
order.  How  we  can  vote  to  notify  the  Society  at  large  tbftt  amajority 
lias  voted  against  it  now,  I  do  not  eee.     (Applanee.) 

Thb  FsBfiroBNT.— The  Chair  decides  that  the  amendment  offered  by 
Professor  Bioketts  is  germane.' 

Mb.  O'Roubkk. — I  move  an  amendment  to  that  motion,  then,  that 
-the  Society  also  sends  ont,  in  case  the  majority  is  in  favor  of  it,  that 
S»ct  also. 

The  motion  was  dnly  seconded. 

J.  N.  Obeehb,  U.  Am.  Soo.  C.  E.— I  move  that  the  vote  on 
Professor  Bioketts'  amendment  be  the  expreesion  of  the  Society. 

A  Mkueb. — It  seems  to  me  this  motion  of  Mr.  Bicketts  is  ill- 
timed.  I  think  it  would  be  a  great  deal  better,  and  yon  wonld  have 
the  matters  facilitated  and  made  plainer  if  jon  would  withdraw  that 
for  the  present,  and  let  the  vote  be  npon  the  original  motion,  and 
then,  afterward,  is  a  better  time  to  make  that  motion. 

Mb.  BiCKETrs. — I  will  withdraw  the  motion. 

Mb.  O'Boitbeb. — I  withdraw  my  amendment. 

Thb  Pbbsidkmt. — The  qnestion  is  on  theadoptionof  theresolntiona 
recommended  by  the  Board. 

Mb.  O'Bocbeb. — Mr.  Chairmaa,  sometimes  argnmenta  are  made 
orally  and  sometimes  they  are  made  physically.  Some  of  those  are 
very  nnpleaeant.  There  is  an  argument  now  in  favor  of  a  new  Society 
honse  presented  by  the  oocnpanoy  of  this  room  by  an  audience  suffi- 
ciently large  to  fill  it  and  to  have  cries  from  the  rear  of  "Louder." 
This  is  the  Annnal  Meeting  nf  the  American  Society  of  Civil  Engi- 
neers held  in  1904,  whose  commodious  quarters  are  not  sufficieotly 
commodious  to  take  them  in.  This  American  Society  of  Civil  Engi- 
neers, under  its  Constitution,  can  not  only  receive  as  members  the 
members  of  all  the  other  bodies  that  have  been  addressed  by  Mr. 
Carnegie  in  his  letter,  but  there  are  three  or  four  more  that  the  Con- 
fltiintion  embraces,  all  of  whom  are  eligible  for  membership  in  this 
Society,  if  we  carried  ont  the  original  idea  of  the  Society,  and  I  think 
that  we  are  doing  it  as  far  as  we  can,  and  that  we  are  going  to  continue 
doing  it.  "We  would  have  a  place  where  all  of  them  could  come,  and 
whore  all  of  them  could  have  room,  whether  Mr.  Carnegie  or  the  gen- 
tlemen themselves  furnish  the  necessary  fnnds  to  provide  the  house 
or  provide  the  land. 

If  this  Society  met  propuly,  it  would  meet  with  all  engineers  who 
are  civil  engineers,  whether  they  are  compelled  by  circumstances  to 
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DiKnudou  oD  join  the  smaller  aubdivieion  of  that  body  or  not.     And  the  ^estion 

^^^^      that  v/e  have  before  ub  to-daj  is  not  the  qneatioa  altogether  of  whether 

'^^Si^^'    we  are  going  to  hold  oniaelveB  as  good  as  we  are,  being  representativeft 

(Continued),   of  the  Amerieaa  Society  of  Civil  Ecgiaeera,  or  whether  we  are  not 

going  to  be  ewoUowed  np  by  one  of  onr  smaller  snbdivisiODB  who 

really  belongs  to  oarselves,  and  whose  honor  is  our  honor,  because  we 

happen  to  be  in  the  same  building  with  them.     Every  argument  that 

was  made  agunet  this  motion  to-day,  aa  presented  in  the  report  on 

the  subject,  is  ae  strong  and  decided  a  piece  of  pessimism  as  anybody 

can  find.     What  is  it?    It  is  only  a  question  whether  we  are  going  to 

get  broke  because  somebody  else  will:  because  somebody  is  brighter 

tban  we  ate,  we  will  be  put  down  in  Europe,  bo  tbat  when  we  go  tbere 

we  will  say,  "  No,  I  am  not  a  Civil  Engineer,  I  don't  belong  to  the 

Society  of  Civil  Engineers."    Now,  that  is  your  peasimisml 

Now,  if  this  Society  is  going  to  follow  in  the  general  line  of 
American  progress,  it  will  get  on  the  path  of  optimism.    (Applause.) 

The  first  Society  house,  in  William  Street,  was  not  the  Society 
house  of  a  lot  of  pessimists.  The  Society  house  proposed  in  Thirty- 
ninth  Street  is  not  a  Society  bouse  of  pesBimiats.  Mr.  Andrew 
Carnegie,  himaelf,  ia  not  a  peaaimiBt.  We  debated  this  question  of 
amalgamation  long  ago;  it  waa  always  favored,  always  favored  and 
always  voted  down.  And  what  are  we  doing  now?  We  ate  Btill  de- 
bating that  same  thing  and  favoring  it,  some  of  us,  some  of  us  to  the 
extent  of  SI  500  000,  and  there  is  already  a  motion  before  the  house 
that  the  notice  that  it  has  been  voted  down  shall  be  aent  out.  I  be- 
lieve, Mr.  Chairman,  that  if  we  have  a  Society  house  in  which  Ameri- 
can civil  engineers,  whether  they  are  called  mechanical  or  civil  or 
electrical,  or  whatever  they  are  called,  so  long  as  they  tUB  engineers, 
that  the  engineering  body  will  be  strengthened.  I  believe  we  are  alt 
engineerB  and  brothers,  and  I  believe  that  this  project  to  have  the 
brothers  live  together  in  one  house  is  good  for  all,  and  at  any  time  it 
is  decided  that  the  quarters  provided  are  too  small,  the  valun  of  that 
house  will  build  one  four  times  aa  large  and  one  where  they  can  get 
away  from  these  high  buildings.  And  the  social  club  that  is  ao  awful, 
by  the  way,  you  have  got  to  go  into  that  social  club  with  a  jimmy, 
from  all  that  I  can  learn. 

We  are  going  to  have  a  lot  of  arguments,  and  we  are  going  to  have 
men  here  who  want  to  sit  down  on  this  because  they  love  this  Society 
ao  much.  I  say  they  love  this  Society  aa  a  baby,  and  a  fool,  and  it  ia 
no  good  if  you  cannot  love  this  Society  in  connection  with  other  en- 
gineering societies.  And  I  say  the  stronger  we  are  as  we  view  our- 
selves here,  the  stronger  and  better  we  will  appear  when  viewed  in 
connection  with  the  others  that  we  don't  think  are  as  good.  I  be- 
lieve in  our  Society.  I  believe  there  never  was  any  other  society  or 
any  other  bonse,  and  even  if  we  didn't  have  a  bouse  at  all,  we  wonld 
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be  a  great  engjueering  society,  bat  I  do  feel  that  we  ehonld  follow  is 
the  path  of  progreafi.  Engineers,  whose  organized  effort  is  the  secret 
of  success,  ought  to  organize  themselves  so  thej  wonid  have  the  force 
and  momentam  of  numbers  when  they  wanted  to  accomplish  some- 
'  thing  as  engineers,  and  not  be  at  the  b«ck  of  any  man  who  will  give 
$75  a  month,  and  is  tlmr  profession  they  will  get  ten  times  that.  Bnt 
we  are  afraid  somebody  will  belong  that  could  not  belong  to  our 
body.  They  will  not.  And  we  will  be  all  the  more  noble,  embracing 
tfaemaU.     [Applause.) 

E.  E.  Oloott,  M.  Am.  Soc.  C.  E.— It  seems  to  roe,  Mr.  President, 
in  this  argument,  this  very  interesting  paper  that  has  been  read  pro 
and  con,  they  lay  entirely  too  much  stress  and  weight  on  the  manage- 
ment of  the  Society,  as  though  this  Society  were  to  lose  its  autonomy. 
This  Society  will  be  just  the  same  as  it  always  has,  ^nd  will  go  ahead 
and  publish  the  mont  valuable  papers  on  civil  engineering.  It  is  only 
a  question  of  tenancy  that  is  coming  up  before  na.  It  doex  Dot  seem 
to  me  as  though  it  hurt  the  Society  or  the  standing  of  the  Society. 
It  is  only  whether  we  shall  accept  a  present  of  SI  500  000,  or  our  pro- 
portionate part  of  that,  and  it  is  only  whether  we  shall  be  in  the  front 
ranks  of  progrexs  and  co-operation.  Now,  soientifio  men  in  the 
United  States  stand  for  co-operation,  and  it  is  one  of  the  greatest 
glories  of  our  conntry  that  there  is  no  rivalry  and  no  niggsrdlineas 
about  our  giving  to  the  world  the  results  of  our  investigations.  And 
we  must  acknowledge,  that,  advance  as  this  Society  has,  and  increase 
in  membership  as  it  has,  the  brilliant,  the  stirring  aud  the  phenomenal 
things  that  have  been  done  in  engineering  have  not  all  been  done  by 
this  Society,  and.  possibly  in  the  last  two  years,  the  other  societies 
have  eclipsed  us  by  astonishing  the  world  by  soientiflc  disooveriea. 

I  think  that  this  Society,  jn  the  interests  of  the  Civil  Engineers, 
would  be  committing  a  great  error  to  decline  this  offer,  which  I  think 
only  strengthens  the  Society — in  noway  weakens  it  or  loses  itsindivid- 
nalitv.     (Applause.) 

Mr.  GBOBS-^Mr.  President,  I  rise  to  s  point  of  order.  This  whole 
discussion  is  not  germane  to  the  question  at  issue  before  the  Sooietj 
just  now,  which  is:  Shall  the  Board  of  Direction  submit  this  to  a 
letter-ballot?  Qet  that  out  of  the  way,  then  we  can  have  a  resolu- 
tion that  it  is  the  sense  of  this  meeting  that  the  offer  should  be 
accepted,  or  «tce  vena,  whichever  way  yon  make  it.  I  take  the 
afSrmative  in  that.  To  get  the  aense  of  the  meeting,  we  want  to  get 
the  aflSrmative  sense,  we  don't  nant  to  get  the  negative  sense,  but  we 
want  to  get  first  the  proposition:  Shall  this  matter  be  sent  out  by 
letter-ballot?  And  the  first  resolution  offered  by  the  Board  of  Direc- 
tion is  the  one  that  wants  to  be  acted  upon  without  amendment  at  all. 
Shall  this  be  sent  out  to  letter-ballot?  That  is  the  question  before  us 
now,  and  after  we  decide  that,  the  rest  comes. 

(Cries  of  "  Question.") 
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DiamiHalon  on  Thb  Pbibidxht. — The  Chair  will  have  to  decide  the  point  of  ord«r, 
Unkw  Mid  requests  the  members  to  limit  their  remarks  to  the  question  before 
'j^^^^  the  meeting,  that  is,  the  adoption  of  a  resolution  to  direct  the  Board 
(CoDUnoeii).    of  Direction  to  submit  the  question  to  letter-ballot. 

A  Membkb. — When,  those  resolutions  are  sent  out,  if  they  are 
ordered  to  be  sent  out,  either  at  that  time  or  earlier,  Till  there  be  sent 
ont  as  a  part  of  the  information  to  the  members  to  vote-npon,  that 
portion  of  the  rem^ks  made  bj  the  President  this  morning,  adding 
the  statements  covered  bj  the  meeting  of  the  18th,  as  I  understand  it, 
of  Janau7  or  December,  I  have  forgotten  which;  and  further,  would 
there  be  an  opportunity  to  add  to  the  discussion,  either  written  or 
orally,  that  can  be  sent  out? 

Thb  Fbbbidbnt. — That  matter  can  be  met  by  a  motion  inetructiDg 
the  Board  of  Direction  to  do  that  after  the  vote  is  taken  on  this 
resolution. 

F.  S.  OcBTTS,  H.  Am.  Soo.  C.  K — I  offer  an  amendment  that  it 
require  a  two-thirds  vote  and  not  a  majority  vote. 

Mb.  Cbois.— That  is  the  second  resolution  of  the  Board.  We  are 
voting  on  one  resolution  at  a  time. 

Tbb  Pbxsidemt. — The  question  is  on  the  adoption  of  the  two  resoln- 
tions  recommended  by  the  Board,  and  the  amendment  offered  by  Mr. 
Cortis.  The  resolutions,  so  far,  have  been  ooosidered  as  coupled  to> 
gether.  Ui,  Cnrtis's  amendment  to  the  second  resolution  is  that  we 
should  substitute  for  the  word  "majority"  the  words  "two  thirds." 
The  motion  will  then  read,  "  Resolved,  that  should  two-thirds  of  the 
votes  cast  be  favorable,  the  Board  is  authorized  to  proceed,"  etc. 

AMzubbb.— I  move  that  the  Society  now  take  a  vote  upon  the 
first  resolution,  afterward  proceeding  to  a  consideration  of  the  second 
resolution. 

The  motion  was  duly  seconded. 

Thb  Pbbsidbht.— If  there  is  no  objection,  the  first  resolution  is  now 
before  the  meeting. 

H.  B.  Sbaman,  U.  Am.  Boc.  G.  E.— The  adoption  of  the  first  resola- 
tion  as  to  sending  oflt  the  second  resolution,  would  depend  on  what 
the  second  resolution  is  going  to  be.  I  think  the  amendment  of  the 
second  resolntion  is  in  order. 

FoBTBE  Gbowell,  M.  Am.  Soc  G.  E. — It  seems  to  me  there  is  only  one 
resolution  there,  divided  into  two  paragraphs,  but  it  is  all  one  resola> 
tion.  The  sending  out  of  the  letter-ballot  is  made  dependent  upon 
oertaia  conditions  expressed  in  the  second  paragraph. 

The  Pbbsideht. — The  first  reeolntion  provides  for  the  sendiag  out 
of  a  letter-ballot  on  the  qnestion  of  whether  this  Society  shall  become 
one  of  the  Constituent  Societies  in  the  occupation  and  control  of  the 
proposed  Union  Engineering  Bnilding.  The  second  instructs  the 
Board  how  to  proceed  in  ease  the  first  resolution  is  adopted  by  the 
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membenhip.  The  Ohaii  is  of  the  opinion  that  the  qnestion  is 
dirisible,  and  eo  mles.  The  qnestion  before  the  meeting,  then,  is 
on  the  adoption  of  the  first  resolDtion. 

The  adoption  of  the  first  tesolntion,  being  pnt  to  vote,  was 
carried. 

Tkb  Pkuuuknt. — The  question  before  the  meeting  is  now  on  the 
amendment  of  the  seuond  resolntion,  to  strike  ont  the  words  "a 
majoritj,"  and  snbetitnte  the  words  "two-thirds,"  so  that  the 
reeolntiou  will  read: 

"tjhonld  two-thirds  of  the  votes  cast  be  favorable,  the  Board  is 
anthorized  to  proceed  in  the  matter,  provided  the  exemption  from 
taxation  of  the  proposed  bnilding  is  assured  and  the  interests  of  the 
8ocietj  are  otherwise  (nlly  safeguarded." 

Thbodobb  Coopeb,  M.  Am.  Soc.  C.  E. — Mr.  President,  whj  insist 
oa  sending  ont  a  statement  that  two-thirds  or  less  than  two-thirds 
vote  for  this  matter?  We  are  a  body  of  intelligent  men,  and  yon  are 
going  to  send  the  ballots  ont  to  onr  equals  thronghont  the  country, 
also  intelligent.  Why  not,  then,  tell  them  what  this  meeting  does? 
A  majority  is  in  favor,  or  a  majority  is  against,  the  resolution.  Why 
not  say  so?  What  is  the  purpose  of  confining  the  statement  to  onr 
absent  members  that  two-thirds  did  this  and  or  two-thirds  did  that? 
(Applause.) 

ThePbbsidsnt.— The  Chair  is  in  some  doubt  whether  the  gentle-  ■ 
man  who  last  spoke  understands  wholly  the  question.     The  question 
is  on  the  Adoption  of  one  of  the  resolutions  proposed  by  the  Board. 
The  qnestion  is  on  the  amendment  to  that  resolution. 

Mb,  Coopbb. — That  is  what  I  am  objecting  to,  sir. 

SamoeI'  Whinbbt,  M.  Am.  Soc.  C.  £. — I  call  attention  to  the  fact 
that  this  meeting  has  no  right  to  saj  that,  in  order  to  pass  any  matter 
affecting  the  interests  of  this  Society,  it  shall  require  a  two-thirds 
vote.     (Applanse.) 

John  Booabt,  M.  Am.  Soc.  C.  £. — Is  there  anything  in  the  Con- 
stitution of  oor  Society  which  enables  the  Annual  Meeting  to  deter- 
mine how  mnoh  of  a  vote  by  the  membership  at  large  shaU  carry  the 
projected  proposition? 

The  Fbssident. — Nothing  whatever  in  the  Constitution.  We  are 
advised  by  counsel  that  this  meeting,  or  any  meeting,  or  the  Board  of 
Direction,  or  the  Society  as  a  whole,  can  act  upon,  adopt  or  decline 
to  ent«T  into  this  project.  I  think  that  covers  the  right  of  this 
meeting  to  prescribe  a  two-thirds  vote  if  it  chooses,  and  the  Chair 
would  BO  rule. 

Q.  W.  Gatt,  M.  Am,  Soc.  0.  E. — Aside  from  the  right  or  wrong,  in 
reference  to  the  two-thirds  vote,  it  seems  to  me  that  it  is  entirely  im- 
proper that  the  members  here  present  should  undertake  to  say  to 
those  of  the  vast  constituency  who  are  not  here  present,  and  who  are 
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DiacuHio^oD  entitled  to  jnat  aa  maoh  roioe  in  this  matter  as  we  ore,  that  it  BboQld 
Ud^p  require  a  tvo-thirds  vote  to  pass  ibis  meaBore,  or  any  other  meatnre. 
^^^diK^  If  a  measnre  of  this  kind  is  to  require  a  two-thirds  vote,  I  should  mj 
(CoDtmned).  tjj^t  that  question  by  iteelf  afaonld  first  be  submitted  to  ever;  member, 
that  he  might  say  whether  two-thitds  vere  required  or  not.  (Ap- 
plause.) It  is  proper  enough  that  this  assemblage  ot  members 
should  express  its  sentiment  one  wajr  or  another  on  this  or  any  other 
proposition,  but  it  is  surely  not  proper  that  we  should  undertake  to 
tie  the  hands  and  the  voices  of  ever;  other  member  who  isnot  present, 
which  is  at  least  sis  or  seven  times  the  number  that  are  here. 

Mb.  Cabtwbioht. — Whj  uot  make  it  a  seven-eighths  vote  as  well 
OS  a  two-thirds  vote?  Now,  thc'j  might  just  as  well.  Of  coime,  that 
is  politics,  yon  know.  I  can  see  through  it.  I  think  we  can  trust  the 
aooiety  to  the  majority.  We  three  little  tailors  in  Pool  Street  aw 
undertaking  to  dictate  to  the  large  membership  of  the  Sooiet;.  k 
majority  always  governs,  and  I  would  suggest  that  the  parties  askisg 
this  two-thirds  vote  should  say  a  seven-eighths  vote.  The  majori^ 
governs.     That  is  politics,  Tammany  and  everywhere  else. 

Mb.  Whinkbv. — Mr.  President,  (jentlemen  of  the  Society:  It  is  an 
acknowledged  rale  in  all  deliberative  bodies  and  in  all  organizatiout, 
that  unless  otherwise  designated  in  the  organic  laws  of  the  organiza- 
tion, a  majority  of  the  interests  prevail.  Now,  there  are  some 
portioular  measures  designated  in  the  Constitution  which  require  s 
two-thirds  vote.  Upon  all  measures  of  this  kind  the  Constitution  ia 
absolutely  silent,  and  following  the  law  that  always  prevails  nnder 
such  Circumstances,  this  meeting,  and  not  only  this  part  of  the  mem- 
bership of  the  Society,  but  if  every  member  of  the  Society  were  here, 
the  meeting  would  have  no  authority  whatever  to  prescribe  that  * 
two- thirds  vote  should  be  required. 

Gabdneb  S.  Williams,  M.  Am.  Soc.  C.  £. — I  rise  to  a  point  of 
order.  I  should  say  that  it  seems  to  me  contradictory  to  partiameot- 
ary  usage  for  a  majority  or  less  than  two-thirds  to  prescribe  a  two- 
thirds  vote. 

Thk  Seobrtabt. — Mr.  President,  may  I  interrupt  the  meeting  one 
moment  to  say  It  is  12  o'clock,  and  time  to  declare  the  ballot  for 
officers  closed. 

The  Pbbstdent.— I  declare  the  ballot  for  officers  of  this  Society 
closed. 

Mb.  CcBTm.— Mr.  President,  this  is  something  of  vital  importance. 
This  is  something  which  requires  us  to  give  np  our  home,  give  up 
our  property,  and  it  seems  to  me,  in  order  to  do  that,  we  ought  to 
have  two-thirds  in  favor  of  it,  but  if  it  is  entirely  out  ot  order,  I 
withdraw  the  amendment. 

THEFRBamBDT. — The  Chair  understands  that  the  amendment  ia 

1  of  the 
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A  Ubkbbb. — Before  ■we  oonsidet  this,  I  wonld  like  to  uk  vhst 
would  be  the  Btattis,  provided  the  Society  voted  in  its  favor,  u 
given  in  this  first  reeolntion,  that  this  Society  become  one  of  the 
Constitnent  Sooietiee  in  the  ooonpsnoy  and  control  of  the  proposed 
Engineering  BnUduig  under  the  terms  outlined  bj  the  General  Con- 
ference Committee — then  if  it  vraa  found  that  the  building  was  not 
exempted  from  tssatioii,  where  would  the  Board  of  Directioa  be?  It 
seems  to  me  that  the  resolntions  as  worded  would  leave  the  Board  of 
Direction  under  direct  orders  to  do  a  thing,  and  yet  the  second  reso- 
lution leaves  it  to  their  judgment  as  to  whether  they  should  do  it 

Thb  PfiBSiDBNT. — It  wasintended  that  the  seoond  reeolntion  should 
qualify  the  firet,  and  that  the  Board  of  Direction,  in  case  of  nnfore- 
eeen  obetaoles  of  the  nature  referred  to  in  the  second  resolution, 
wonld  be  empowered  to  delay  proceedings. 

Thb  Seobbtaby. — Mr.  President,  may  I  interrupt  once  more,  in  the 
interest  of  the  record,  to  ask  eaoh  gentleman  when  he  gets  up  to 
speak,  if  he  will  announce  his  name.  It  is  very  difficult  to  keep  track 
of  those  who  speak,  and  it  may  be  necessary  to  get  a  report  of  thie 
meeting  out  very  quickly,  and  in  order  to  accomplish  that,  if  every 
gentleman  will  announce  his  name  as  he  gets  upon  bis  feiet,  it  will 
help  very  much. 

O.  LowiNSOM,  Assoc.  H.  Am.  Soc.  C.  E. — I  merely  want  to  ask  one 
qneetion,  before  this  is  put  to  vote,  and  that  is  the  question  of  the 
status  of  the  Engineers'  Club  with  reference  to  the  project.  I  would 
like  to  ask  the  President  whether  the  question  came  up,  in  the  meet- 
ing with  Hr.  Carnegie,  of  the  segregation  of  the  Engineers'  Club 
from  the  Union  Building. 

The  FsBsiDKirr. — It  did  not. 

Mb.  Lowdison. — So  there  is  nothing  to  advise  the  Society  ae  to 
whether  Mr.  Carnegie  would  agree  to  the  segregation  of  the  buildiog. 

Thx  Pxesident. — The  matter  has  never  been  discasaed  with  Mr. 
Carnegie  in  any  way  to  my  knowledge. 

C.  B.  Habtb,  Assoc.  M.  Am.  Soc.  C.  E— Mr.  President,  whatever  is 
determined  in  this  matter  will  be  largely  done  by  those  outeide  of 
thc«e  present  to-day,  the  vast  majority  being  the  outside  members.  It 
seems  to  me  in  this  vote  we  oaght  to  state,  not  merely  that  the  major* 
ity  voted  not  to  call  for  a  two-thirds  vote,  but  make  the  statement  as 
to  what  proportion  of  the  Sooietj  voted  for  a  change  to  the  new  build- 
ing, and  what  proportion  did  not.  I  had  in  mind  to  ask,  when 
Professor  Bickett'a  motion  came  forward,  that  it  be  ameuded  that  all 
letters  from  the  older  members  regarding  this  building  be  sent  ont, 
also,  with  the  letter-ballot.  And  it  seeme  to  me  that  as  the  vast 
majority  of  the  outsiders  really  have  little  to  do  with  the  house,  except 
very  ocoasiooally,  that  the  action  taken  by  the  men  here  in  New  Tork 
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DiiciuBioDoii  and  by  the  older  membere,  who  are  particalarly  oonaervBtire,  should 

UDloa        in  ft  large  meMure  govern  their  vote,  and  for  that  reaeoit  I  move,  when 

BniidtaK      ^^^  vote  be  taken,  that  the  action  of  this  meeting  be  designated,  and 

(CodUduwI}.   timt  some  idea  of  what  proportion  of  the  votes  cast  were  in  favor  of 

the  proposition,  be  stated. 

(Cries  of  "  Question.") 

Ths  Fbbsidbnt. — The  qnestion  is  on  the  passage  of  the  second 
resolntion. 

It  being  dalj  pat  to  vote,  was  carried. 

EuoBNS  W.  SiVRK,  M.  Am.  800.  0.  £. — I  move  the  foUowing,  that 
there  be  issued  with  the  tesolntion,  recommending  the  ballot,  by  the 
Board  of  Direotion,  a  statement  of  the  condition s  required  for  member- 
ship in  the  American  Society  of  Uechanical  Engineers,  tbe  American 
Institute  of  Electrical  Engineers,  the  American  Institute  of  Uining 
Engineers,  and  also  a  statement  of  their  present  financial  condition. 

The  motion  was  dnly  seconded. 

Hb.  GABrwBtOKT. — Why  not  embody  also  in  that  the  conditions  and 
requirements  of  tbe  Engineers'  Clnb?    (Applause.) 

A  Membeil. — I  want  to  ask  whether  any  recognition  has  been  mada 
by  the  Society  of  Mr.  Carnegie's  offer. 

Thk  PsBBiDBNT.-'YeB. 

Hb.  sSeauan. — If  tbe  last  speaker  will  include  the  Engineers'  Club, 
I  would  like  to  second  that  motion. 

Mb.  Stbbk, — I  accept  that. 

Mr.  O'Bocbkb.— Ab.  President,  is  there  anything  in  this  matter 
before  us  which  includes  tbe  Engineers'  Club?  As  I  naderstoad,  Mr. 
Carnegie  did  not  address  the  Engineers' Clnb  in  his  oommnnication, 
did  he? 

Thb  Pbbsident. — He  did. 

JoBEFH  M.  Knap,  M.  Am.  8oc.  C.  E. — I  hope  that  last  motion  will 
be  withdrawn.  It  seems  to  me  it  is  making  light  of  this  matter,  and  I 
do  not  think  we  shonld  proceed  on  this  line.  I  hope  the  gentleman 
will  withdraw  that  motion.  We  don't  want  to  go  to  work  and  in- 
vestigate tbe  financial  condition  of  brother  societies.  No  donbt  they 
are  all  right,  as  we  are.  I  hope  that  will  be  withdrawn,  because  it 
won't  amount  to  anything,  and  only  makes  a  trivial  matter  of  the 
whole  thing. 

Mr.  Goofbb. — Wby  is  that  not  of  any  importance?  We  are  going  to 
make  them  our  partners.  Don't  you  inquire  into  the  standing  of  your 
partners?  We  are  going  to  give  tbe  property  into  the  hands  of  nine 
directors  representing  them,  and  we  only  have  three.  Are  we  going 
to  do  it  without  examining  the  standing  of  our  partners?  No.  We 
waut  to  know  the  standing  of  the  people  we  are  going  to  put  this  prop- 
erty into  tbe  hands  of.  Wb^i  we  are  going  into  this  and  we  have  only 
three  votes  to  their  nine,  where  are  we  as  owners?  Why  shouldn't  we 
examine  into  it? 


b,GoogIc 


AfUra.]  BBPORT  OF  THE  ANNUAL  HKBTIKO.  73 

Hb.  WhjIiIakb. — Hr.  Preeident,  it  BeemetometbatthepropoflitioDB 
covered  bj  tlie  last  motion  are  abnodantlj  provided  for  in  the  resoln- 
tioD  already  pasaed,  which  says  that  the  interestB  of  tb«  Sooiet;  are 
otherwise  wholly  eafegtiarded,  and  I  see  no  reason  why  thia  Booiet; 
should  pablish  broadcast  to  its  own  members,  and  thereby  to  other 
people,  what  onr  views  may  be  or  what  the  apparent  condition  of  onr 
sister  societies  is.  I  think  the  Board  of  Direction  is  abundantly  able 
to  take  care  of  that  phase  of  the  question  for  ns,  and  I  see  no  reason 
why  this  Society  ehonld  mn  the  risk  of  aronsing  the  enmity  which 
must  necessarily  be  aroused  by  the  sending  oat  of  sach  documents. 
It  can  only  be  looked  upon  by  the  other  Kooieties  as  a  slur  upon  their 
methods  of  doing  business,  oir  on  their  less  fortunate  condition. 

Hb.  Bond. — Beoently  we  called  for  examinations,  under  the  Civil 
Service  rules  of  the  State  of  New  York,  for  positions  in  the  State  En- 
gineer's Department,  numbering  240.  I  find  by  the  newspapers  that 
2  400  applicKota  have  applied  to  the  Civil  Service  Commission  to  take 
those  ezaminatioDs.  We  ore  proposing  to  spend  $101  OUO  000  in  the 
construction  of  a  barge  canal  through  the  State  of  New  York.  You, 
gentlemen,  are  familiar  with  the  amount  of  money  being  spent  in  this 
great  city  for  public  works.  I  think  it  stands  us  in  hand  to  weigh 
this  matter  carefully,  basing  onr  action  on  broad  foundations  as  pre- 
sented by  Ur.  O'Bourke  here  to-day.  I  think  that,  if  these  other 
Societies  that  have  been  mentioned  are  in  a  poor  financial  condition, 
the  future  will  provide  for  the  American  Society  of  Civil  Engineers, 
BO  that  if  they  are  so  unfortunate  aa  to  have  to  drop  out  of  this  build- 
ing we  can  take  it  and  carry  it.  To-day  we  have  a  membership  of 
something  like  3  000,  as  I  am  told.  In  the  proportion  that  we  get 
applications  under  the  Civil  Service,  it  is  only  a  short  time  before  our 
membership  will  be  30  000.  Now,  we  should  look  at  this  thing  in  a 
lw>ad  light,  I  think.  I  think  that  oar  friend  at  the  rear  of  the  hall 
ought  to  withdraw  his  motion.  I  think  if  our  friends  are  not  aa 
proaperous  as  we  are,  that  they  should  not  be  shown  up  to  the  world. 
We  have  nothing  to  be  afraid  of.  1  think  that  this  matter  sboald 
receive  the  careful  attention  of  this  meeting  to-day,  and  I  think  it  is 
well  that  the  action  of  this  meeting  shoald  go  ont  to  other  members 
who  are  not  present.  Bnt  to  hold  up  the  financial  condition  of  our  less 
fortunate  friends,  it  seems  to  me,  is  a  great  mistake.      (Applause.) 

Mk.  Stbbh. — The  resolution  is  offered  in  that  form  merely  to  bring 
out  all  the  facts  in  the  case,  so  that  they  should  be  submitted  to  the 
judgment  of  the  members  of  this  Society.  Statements  have  been 
made  in  the  circular  issued  by  the  Board  of  Direction  in  a  manner 
suggesting  that  the  financial  condition  of  these  different  Societies  was 
not  good,  was  not  sound.  I  therefore  have  moved  this  resolution 
simply  to  bring  ont  the  facts.  The  financial  statements  of  all  these 
Societies  are  public  property.  It  simply  means  that  they  be  compiled 
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DiwuMton  on  and  iftened  with  the  letter-ballot.  I  have  to  take  exception  to  tbe 
Union  remark  of  one  gentleman  nho  stated  that  this  vhb  not  a  serious 
BuUding  ^    motion.     I  wish  to  aesnre  the  gentleman  that  the  motion  has  onl;  a 

^Continued),  eerions  purpose.  If  we  are  here  to  pass  on  a  very  important  qneetioD, 
the  members  of  thia  Sooietj  certainly  ahonld  be  presented  with  all 
the  facts. 

Mr.  Knap. — I  take  exception  to  the  Btatemeot  that  the  report  sent 
out  by  the  Board  insinnates  anything  against  any  of  the  other  societies. 
We  say  nothing  against  the  other  eooieties,  and  do  not  wish  to.  1 
think,  sir,  that  the  publication  or  sending  out  of  statements  to  onr 
3  000  members  as  to  the  financial  standing  of  these  other  societies 
will  be  in  reality  making  it  public,  and  I  think  we  should  avoid  tb»t, 
and  I  do  not  think  it  is  called  for  in  any  way,  shape  or  form,  and  I 
hope  that  motion  will  be  voted  down.  I  simply  say  we  wish  to  take 
into  acoonnt  and  investigate  the  whole  matter  tborongbly  eventually, 
and  the  Board  proposes  to  do  that  under  this  resolution.  That  will 
not  be  neglected  at  all,  bnt  this  manner  of  doing  it  I  do  not  think  is 
advisable. 

Mb.  Gbbbnb. — Mr.  President,  it  seems  to  me  that  this  matter 
would  be  Ignite  cleared  up  if  we  could  get  an  answer  to  one  qaeetion 
liere— I  mean  this  financial  matter.  Is  there  anything  in  this  propo- 
sition, or  in  this  business  atall,  that  compels  a  merger  of  the  financial 
conditions  of  all  these  four  societies  when  they  do  come  together,  if 
they  ever  do.  If  there  is  not  unytbing  of  that  kind  in  it,  then  why  is 
it  not  trne  that  every  tub  will  stand  on  Its  own  bottom,  and  what  odds 
does  it  make  to  our  Society  whether  either  one  of  the  three  are  so 
well  off  ornot  so  well  off  or  better  off  than  weare?  Now,  if  there  ic 
any  such  information,  and  tbe  Chair  will  give  it  to  this  house,  1 
think  we  will  clear  away  this  question  about  going  into  an  invest^- 
tion  of  how  much  money  these  people  are  worth,  or  what  their 
prospects  are.  Is  there  anything  of  that  kind  in  it,  Mr.  Chairman? 
The  Presipbnt.— Can  the  Secretary  answer  that  question? 
TfiB  SECKBrABv.— I  don't  think  that  I  understand  the  question 
exactly.     Mr.  Greene,  will  yoo  repeat  yont  question,  and  1  will  try 


r  it? 


Mb.  Gbsene. — My  question  is  this:  Is  there  anything  in  this 
arrangement,  if  this  proposition  is  accepted,  that  merges  and  makes 
all  these  four  societies  merge  into  one  as  to  their  financial  condition, 
or  does  each  society  stand  by  itself  as  we  do  now,  only  we  occupy 
one  building  instead  of  a  half  a  dozen? 

The  Sbcbetabi. — There  is  no  merger  at  all,  as  I  understand  it, 
-except  that  each  of  these  associations  ia  to  put  ite  money,  or  its 
promises  to  pay,  into  a  general  corporation.  In  one  sense  there  ia  a 
merger  of  the  financial  interests  of  the  societies,  because  they  will 
each  be  constituent  holders  of  the  property,  but  as  to  merging  tbe 
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finances  of  either  of  the  societies  or  an;  of  them  together,  theie  is  do 
sacli  proposition. 

Mb.  Coopsb. — If  tliere  should  be  a  defanlt  of  either  of  the  other 
societies,  are  we  not  responsible?  We  are  equal  partners.  This  is  a 
matter  of  business.  I  have  the  highest  respect  for  these  other 
aocieties,  and  would  not  bnrt  their  feelings  lor  the  world,  bnt  we  are 
looking  ont  for  ourselves.  That  is  a  pretty  important  point  in  this 
world, 

Mb.  Oi/Cott.— Mr.  Chairman,  I  have  read  over  very  carefnlly  the 
proposition  as  made.  Mj  opioioD  is  that  it  seems  plain  that  all  this 
Society  does  is  to  become  responaible  for  paying  the  interest  on  one- 
fourth  of  the  real  estate  investment — call  that  five  hnudted  aod  odd 
thousand  dollars — we  become  responsible  to  pay  i%  on  that  amoont 
of  money.    I  do  not  see  that  there  is  any  merger  at  all. 

Ms.  Qkebhb. — If  this  thing  is  a  corporation,  I  tbink  the  gentle- 
man's law  will  not  hold  good.  If  it  is  a  corporation,  that  covers  all 
these  aocietiee;  then  if  there  is  any  defanlt,  the  whole  corporation  b 
responsible  for  that  debt. 

Mb.  Cabtwbiokt. — That  is  an  open  matter  too.  All  who  nnder- 
stand  partnerships  know  that  one  partner  is  liable  for  all  the  debts 
of  the  concern.  Now,  we  ate  going  into  this  thing.  Here  is  a  hat, 
and  we  are  all  asked  to  chip  in  what  we  have  got.  What  ate  we 
going  to  get  for  it?  It  is  a  Mormon  marriage.  (Langhter.)  "We  are 
talking  here  all  the  time  of  four  societies.  This  offer  was  mode  to 
five,  fonr  Scientific  Societies  and  one  social  clnb,  share  and  share 
alike.  Now,  if  Mr.  Carnegie  will,  in  his  wisdom  and  his  generosity — 
nobody  thinks  more  of  him  than  I  do — will  separate  that,  it  wiU  be  a 
step  in  advance.  But  I  do  not  favor  putting  our  money — we  have  got 
that;  it  is  ours;  we  have  made  it — I  don't  favor  putting  that  into  the 
general  hat  to  be  drawn  out  by  sverv  PhilippiDe  that  comes  is.  I 
have  the  greatest  sympathy  for  all  these  sister  societies,  but  I  do  not 
propose  that  we  shall  pay  the  expenses  of  honsekeeping  for  them. 
We  will  pay  onr  own,  but  what  are  we  to  do  with  our  accnmnlation, 
if  there  is  any?  It  isa  trust  and  a  merger.  Is  the  American  Society 
of  Civil  Engineers  going  to  have  these  two  hnndred  and  fifty  or  three 
hnsdred  thousand  dollars,  or  are  they  to  put  it  in  the  hat  and  every 
fellow  make  a  grab  for  it? 

Thb  PKBsmEirr, — Mr.  Secretary,  can  you  inform  the  meeting  how 
the  information  desired  can  be  obtained? 

The  Sbcrxtabt. — I  think,  Mr.  President,  it  would  be  rather  a  deli- 
cate matter  for  this  Society  to  issue  an  official  statement  of  the  finan- 
cial condition  of  another  body.  The  only  way  in  which  we  could  do 
that  properly  would  be  to  get  a  certificate  from  the  governing  bodies 
of  those  societies  as  to  what  their  financial  condition  is,  I  doubt  very 
much  whether  the  Board  of  Direction  of  this  Society  would  care  to 
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J  take  a  statemeDtmadeapbjthemselTesfromthepabliBhed statements 

VoSoa  of  the  other  Boaietiee  and  pablish  it  officially,  nnleas  it  was  vouched 
^^"wtag*  ''*'■  ^y  '*■*  treaaiirerB  of  the  other  societies.  I  know  that  the  Secretary 
(ContiDued).   would  not  earo  to  take  that  responsibility. 

T.  L.  GoiTDiioN,  H.  Am.Boc.  G.  E. — Mr.  President,  may  I  ask  if  these 
statements  aie  not  already  published  annually  by  the  several  societies, 
mach  aa  tbey  are  by  the  American  Society  of  Civil  Engineers? 

The  Sbcbetary.— I  think.  Mr.  President,  that  if  that  motion  were 
made,  that  the  last  finaacial  statement  as  published  by  each  of  ibe 
several  societies  be  published  with  this,  that  it  woold  make  clear  what 
-  is  intended,  from  the  standpoint  of  the  Secretary. 

Mb.  Stekn. — I  make  that  change.     I  intended  that. 

The  Fbbsidbht. — Will  Mr.  Stern  state  the  motion  as  he  now  desires 
it? 

Mr.  Stebh.— That  there  be  issued  with  the  resolution  recommeod. 
ingthe  ballot,  by  the  Board  of  Direction,  a  statement  of  the  conditions 
required  for  membership  in  the  American  Society  of  Mechanical  Engi- 
neers, the  American  Institute  of  Electrical  Engineers,  the  American 
Institute  of  Mining  Engineers,  and  also  the  Engineers'  Club,  also  the 
last  published  statement  of  their  flnaocial  condition, 

Mr.  Orxene. — I  move  that  that  motion  be  divided,  and  that  the 
vote  be  taken  on  the  first  part  of  it,  on  the  qualifications  of  member- 
ship in  the  societies,  and  leave  the  question  of  financial  condition  for 
a  second  resolution.  Ail  these  proceedings  are  to  be  read  by  the 
Society  shortly,  and  the  membership  at  large  has  already  read  what 
has  been  said  and  what  is  already  known  by  our  Society  about  the 
financial  condition  of  the  other  societies.  It  is  hardly  necessary  to 
send  that  out  in  a  special  circular  now  for  their  information.  I  think 
all  the  members  of  the  Society  at  large  must  know  what  the  relative 
condition  of  the  other  societies  is,  and  it  is  hardly  necessary.  If  this 
motion  is  divided  and  a  vote  taken  on  the  first  part  of  it,  as  to  the 
qualifications  for  membership  in  those  societies,  I  think  that  will 
answer  the  purpose.     I  move  that  amendment  to  the  motion. 

Seconded. 

The  Pbesideni. — There  being  no  remarks,  the  question  will  be  put 
to  vote  on  the  motion: 

"That  there  be  issued  with  the  resolution  recommending  the  bal- 
lot, by  the  Board  of  Direction,  a  statement  of  the  conditions  reqtiired 
for  membership  in  the  American  Society  of  Mechanical  Engineers,  the 
American  Institute  of  Electrical  Enf;ineers,  the  American  Destitute  of 
Mining  Engineers,  and  also  the  Engineers'  Club." 

A  rising  vote  being  taken,  the  Secretary  announced  153  votes  for 
the  motion  and  80  votes  against.  The  Chair  declared  the  motion 
carried. 

The  Ps£SII>bmt. — The  stenographer  will  read  the  other  part  of  the 
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Read  bj  the  stenographer  as  foUowu. 

"  Also  the  last  published  etatement  o(  their  finikncial  condition. " 

Mb.  Whimbbt. — Uaj  I  ask  a  question? — Is  this  an  amendment  or  a 
part  of  the  motion? 

The  Pbbbit>ent. — It  is  a  part  of  the  motion.  The  original  motion 
'was  divided  into  two  parts,  of  which  this  is  the  second  part. 

Hr.  Whixebt. — Mr.  President,  and  Gentlemen  of  the  Society,  I 
hope  this  meeting  will  consider  verv  serionalj  and  deliberstelj  what 
we  are  now  proposing  to  do  here.  In  the  first  place,  there  seema  to  be 
a  generallj  mistaken  idea  as  to  what  this  whole  measnre  involvee.  It 
ba*i  been  stated  distinctly  that  it  does  not  involve  their  finances,  but 
it  seems  necessary  to  go  farther  and  inquire  what  it  does  mean.  As  I 
understAud  the  whole  purpose— and  I  do  not  wish  to  be  understood 
here  Bs  speaking  in  favor  of  the  measure  of  combination  or  against  it, 
at  the  present  time,  bat  merely  on  this  particular  point.  What  is  in- 
volved, as  I  nnderstaad  it,  is  this;  It  is  proposed  that  the  societies 
jointly  invest  in  a  certain  tract  of  land  for  the  purpose  of  erecting  a 
building  thereon  for  the  joint  occupation  of  the  societies.  It  is  not 
proposed  that  the  investment  in  that  land  shall  be  a  partnership  affair 
at  alL  It  is  to  be  held  by  a  separate  corporation,  separate  and 
distinct  from  any  of  the  societies,  or  from  all  of  them.  That  corpora- 
tion, it  is  true,  is  to  be  mode  up  of  representatives  from  each  of  the 
societies.  Now,  this  corporation  will  ask  each  society  to  purchase 
and  be  responsible  for  a  certain  amount  of  the  bonds,  its  share  of  the 
bonds  issued  to  pay  for  this  property — just  the  land — for  the  tract  of 
land  on  which  the  building  is  to  be  erected.  This  Society  purchases 
and  holds  one-fourth  or  one-fifth,  whichever  it  may  be,  of  the  amount 
of  bonds  issued  to  pay  tor  that  property,  and  will  have  those  bonds  as 
property,  and  should  they  become  worthless,  we  lose  the  amount. 
That  is  all  there  is  in  that.  Now,  farther  than  that,  each  Society  is 
«8ked  to  go  into  this  building,  which  it  is  proposed  to  erect,  without 
any  cost  to  the  Society,  and  to  pay  its  share  of  the  operating  expenses 
of  this  building — nothing  more.  This  corporation  that  it  is  proposed 
to  form,  to  hold  this  property  and  administer  it,  can  assess  certain 
rentals,  certain  expenses  of  the  management  of  the  building  against 
each  society.  They  can  do  nothing  further  than  tbat.  I  see  no 
merger  in  that  whatever.  I  do  not  see  any  partnership  in  it;  I  do  not 
see  even  any  entrance  of  this  Society  as  a  society  into  a  corporation  in 
which  it  is  directly  a  member. 

I  think  it  is  important  that  the  responsibility  that  this  Society 
shall  actually  assume  be  carefully  separated  from  the  burden  which 
it  seems  to  be  the  impression  here  the  Society  is  to  assume.  We  do 
not  assume  responsibility  for  this  vast  enterprise  alone.  We  ansume 
responsibility  for  only  certain  things.     So  much  for  explanation. 

Now,  I  do  not  see,  under  these  oircumstances,  of  what  benefit  it 
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DiBcusdoDOD  would  be  to  this  Sooiet J  to  know  the  exact  financial  status  of  thaae 
l^okm  other  societies  or  what  their  standards  of  membership  are  to  be.  We 
^^udi^  are  not  uniting  with  them.  The  membership  of  this  Sooietv,  if  this 
iConUoued).  measure  be  adopted,  will  be  just  aa  independent  of  each  of  the  other 
societies  as  it  is  to-day— absolntelj.  The  other  societies  attain  no 
rights  in  the  management  of  this  Society  by  this  proposed  combina- 
tion. This  Society  attains  no  rights  in  the  management  of  the  other 
societies.  Now,  in  this  matter  where  are  we  interested  in  the  financial 
stAQding  of  these  societies  or  their  standard  of  membership?  Whj, 
if  it  were  merely  a  question  whether  we  shoald  occnpy  that  building 
with  a  law  firm,  I  see  no  objection  to  it  whatever.  I  do  not  think  the 
fact  that  this  Society,  together  with  a  law  firm  or  a  medical  assooia- 
tiou  or  a  single  doctor,  Bhould  agree  together  for  their  mutual  benefit 
to  erect  this  building  and  use  it  jointly — I  do  not  see  that  it  wonld  in 
any  way  disparage  this  Society.  It  is  merely  a  question  of  mutual 
occupation  for  the  common  benefit  of  all,  and  it  aeeme  to  me  we  are 
going  too  far,  entirely  farther  than  is  necessary,  for  this  Society  to  in- 
quire into  the  standards  of  membership  or  the  financial  condition  of 
the  existing  societies.     (Applause.) 

EiiWooD  Head,  H.  Am.  Soc.  C.  E. — Mr.  President,  I  wish  to  moke 
an  inquiry.  I  do  not  believe  that  a  great  many  members  knew  what 
they  were  voting  on  in  regard  to  sending  out  an  inquiry  regardingthe 
standards  of  admission  in  the  other  societies.  I  certainly  know  that 
I  did  not  understand  that  I  was  voting  on  that  matter.  I  understood 
it  was  Mr.  Greene's  amendment  we  were  voting  on.  If  we  were  con- 
sidering the  original  resolution,  I  wish  to  reconsider  it,  because  I  am 
certainly  opposed,  and  see  no  reason  for  sending  out  any  information 
as  to  standards  of  membership  in  the  other  societies.  That  ia  simply  a 
piece  of  impertinence  on  our  part.  (Applause. )  There  might  be  some 
propriety  toroursendingoutinformation  as  to  their  financial  standing, 
and  I  understood  I  was  voting  to  separate  that  question,  and  t  move 
for  a  reconsideration  of  that  vote. 

Tas  PBBBmENT. — The  Chair  will  be  glad  to  consider  a  qneetion  for 
reconsideration  after  the  disposition  of  the  present  motion,  which  ia 
on  the  second  half. 

Mb.  Cabtwbiqht. — One  moment,  please.  We  are  threshing  out; 
we  are  getting  information.  Now,  as  my  friend  Whinery  puts  it,  it  is 
all  very  good,  but  suppose  for  one  minute  these  other  societies  are 
delinquent,  they  don't  pay  their  interest— who  is  going  to  pay  the  in- 
terest? We  have  got  to,  or  else  we  are  deprived  of  the  benefit  of  that 
trust,  that  Shipbuilding  Trast,  as  I  consider  it.  We  want  to  know 
where  we  are  at,  and  what  we  have  got  and  what  we  are  to  do  with  it. 
If  we  make  the  partnership,  it  is  a  plain  question.  Put  it  to  yourselves 
as  business  men;  it  is  a  business  proposition.  We  are  going  into  part- 
nership and  can't  do  anything  else,  in  this  building.     Now,  who  ia 
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liftble  for  the  debts,  the  whole  of  ns,  or  every  member  of  the  firm? 
Now,  answer  thnt  qneetion  and  then  1  will  see  better,  and  know  where 

Jambs  H.  Hablow,  M.  Am.  Soo.  C.  E.— I  think,  Ht.  Chairman,  if  the 
membership  will  read  the  first  half  of  the  third  page,  that  a  good  many 
of  their  qneationB  will  be  answered.  As  I  read  the  fonrth  paragraph, 
we  become  possessors  of  perhaps  one-quarter  of  the  bonds  of  an  insti- 
tntioa  that  is  bonded  for  about  twenty-five  per  cent,  of  its  valuation. 
If  this  corporation  that  we  are  talking  of  cannot  raise  the  necessary 
fands  by  asBesement  on  the  varions  associations,  then  it  may  be  there 
will  be  a  defanlt  in  interest;  if  a  default  in  interest,  then  the  corpora- 
tion possibly  may  foreclose,  on  a  forecloBure  sale.  If  our  Society, 
owning  one-fourth  of  the  bonds,  perhaps,  chose  to  buy  them  in  and 
get  a  two  million  dollar  corporation,  there  is  nothing  to  prevent  it, 
and  it  seems  to  me  it  is  a  pretty  good  business  proposition.  (Applause. ) 
It  seems  to  me  that  is  the  way  to  look  at  it.  Vfe  are  owners  of  one- 
fourth  of  the  bonds,  I  mean  if  we  go  into  it.  Now,  it  seems  to  me  it  is 
not  a  shipbuilding  trust  at  all,  because  a  shipbuilding  trust  has  "  X  " 
nnmber  of  bonds  in  excess  of  valuation;  we  have  got  a  valuation  and 
one-fourth  perhaps  in  the  bonds,  which  is  a  pretty  safe  investment. 
It  seems  to  me  that  is  the  way  that  part  of  it  should  be  looked  at,  and 
it  seems  to  me  that  asking  for  the  ttuanoial  condition  of  our  sister 
societies  is  objectionable  at  least.  It  seems  to  me  that  we  should  let 
them  alone  as  we  want  to  be  let  alone,  and  as  an  investment  on  our 
part,  if  they  default,  perhaps  it  will  be  a  good  thing. 

F.  8.  ODKLn,  M.  Am.  Soc  C.  E.— 1  believe  there  is  a  motion  before 
the  house  to  reconsider  the  original  vote. 

Thk  Pbbsedknt. — No,  sir;  the  pending  motion  is  on  the  adoption 
of  the  second  part  of  the  resolution  ofilered  by  Mr.  Stern,  which  the 
stenographer  will  read,  so  as  to  make  it  certain  the  meeting  under- 
stands  it. 

The  stenogfspher  then  read  the  second  part  of  Mr.  Stem's  motion. 

Mb.  Odbll. — I  merely  wish  to  say  that  my  understanding  of  the 
paragraph  referred  to  wae,  not  that  the  An^erioan  Society  of  Civil 
Engineers  took  only  one-quarter  of  the  bond  issue;  the  meaning  it 
conveyed  to  me  was  that  it  took  more  like  one- half,  and  in  the  event 
of  failure  of  any  of  the  other  institutions,  we  would  have  to  bear  oar 
share. 

Mb.  Hablow. — If  they  only  have  one-halt,  we  will  have  that  mnch 
less  to  buy  in  in  case  of  foreclosure. 

Ub.  Mbad. — There  has  been  a  motion  to  reconsider  the  vote  od 
the  first  paragraph  of  this  resolution;  that  has  been  seconded,  and  I 
believe  claims  precedence  over  a  vote  on  the  second  paragraph. 

The  Pbbsidsht.— The  pending  motion  before  the  meeting  was  at 
that  time  the  passage  of  the  second  part  of  this  resolution,  and  the 
Chair  rules  that  that  motion  is  before  the  meeting. 
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Dtec^OTi  OD        It  was  duly  moved  and  Boeonded  that  the  motion  jnst  read  by  the 
VaSaa        etenographer  be  laid  on  the  table,  which  motion,  being  put  to  TOt«, 
'iteS"    wu  curled. 

OConUnuedj.         j(j(  Mbad. — Now,  Mr.  Chairman,  I  wish  to  mOTe  a  reconsideration 
of  onr  vote  on  the  flrat  par^raph  of  that  reeolotioa. 

Tbe  Prebidbnt. — The  Chair  nnderstands  that  the  gentleman  voted 
in  favor  of  the  passage  of  tbe  resolation? 

Mb.  Mead. — Yes,  sir. 

A  Meubeb. — Seconded. 

The  pRBaiDEBT.— The  motion  is  tbe  reconsidering 

Mb,  North.— I  rise  to  a  point  of  order.  I  think  the  man  who  sec- 
onds it  voted  sgaiost  it.  I  think  both  the  mover  and  tbe  seconder 
should  have  voted  for  it. 

Ma.  Meu>. — The  gentleman  who  seconded  it  did  not  vote  at  all. 

The  pREstsENT. — There  is  no  motion  before  the  meeting. 

Mb.  Williams. — I  rise  to  a  point  of  order. 

The  PBEStDEKT. — State  the  point  of  order. 

Mb  W1U.IAUS. — Tbe  point  of  order  is,  having  laid  on  the  table  an 
amendment  to  a  motion  before  tbe  house,  we  have  thereby  carried 
with  it  the  original  motion. 

Thb  Pbbbident.  —The  motion  laid  on  the  table  was  not  an  amend- 
ment; it  was  the  second  part  of  a  rceolntioo  which  has  been  divided 
by  the  meeting  into  two  parte. 

Mb.  Mead. — The  reaaon  for  this  reconsideration 

The  Pbesident. — The  Chair  does  not  understand  that  there  is  a 
motion  before  the  honse.  In  order  to  bring  tbe  motion  for  reconsider- 
ation before  the  meeting,  it  would  have  to  be  moved  and  seconded  by 
gentlemen  who  voted  in  favor  of  it. 

Mb.  Mead. — It  has  been  so  seconded. 

A  Mbhber.— I  second  tbe  motion. 

The  Pbbsident.— Tbe  motion  before  tbe  meeting  is  on  the  recon- 
sideration. 

Mb.  Mead. — The  reason  for  moring  this  reconsideration  is  that  the 
matter  whs  placed  before  .the  house  in  such  a  fashion  aa  to  lead  to 
confnsiou.  Mr.  Greene  moves  an  amendment  to  a  motion,  the  mover 
of  that  motion  does  not  second  it,  and  it  conld  only  come  as  an 
amendment  to  the  original  motion  by  being  voted  on  by  tbe  bonae.  I 
understood  that  we  were  voting  on  Mr.  Greene's  amendment.  I  fonud, 
after  I  had  voted  in  favor  of  that  amendment,  that  I  bad  been  voting 
on  the  original  motion,  and  I  could  not  have  voted,  nor  conld  anyone 
else,  according  to  parliamentary  law,  have  voted  on  that  original  mo- 
tion in  tbe  way  it  came  before  the  house.  Now,  if  I  had  known  what  I 
voted  on,  I  should  have  voted  just  the  opposite  way.  I  voted  believ- 
ing I  was  voting  for  tbe  separation,  for  tbe  reason  that  I  believe  that 
part  of  the  resolution  baa  no  place  in  the  action  of  this  Society.   1  can 
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eee  ao  reuon  for  thie  Society  to  coDoem  itself  in  the  qualification  for 
memberabip  in  another  sooietj  of  equal  standing  with  onre.  We  are 
not  merging  with  tbem.  There  ie  no  reason  whatever  whv  we  ahonld 
concern  oorwlTes  with  their  standard  of  membership  or  the  number 
of  members.     We  maj  concern  ourselves  with  the  financial  standing. 

Mb.  Nobth. — Before  that  question  ie  put,  I  should  like  to  aaj  one 
word,  or  perhaps  two  or  three,  upon  this  suhjeot,  because  it  seems 
germane  at  this  time  to  say  it,  and  not  have  the  thing  taken  bj  piece- 
Knowing  nothing  of  law,  and  having  much  interest  in  this  ques- 
tion, I  went  to  a  lawjer  whom  I  thought  had  some  knowledge  of  cor- 
poration IsTr,  and  submitted  to  him  certaiu  qnestions  iu  regard  to  this 
proposed  omalgamatiun  of  the  four  societies.  He  said:  "In  bujing 
tbis  land,  will  jou  become  tenants  in  common?  If  jou  do,  why  then 
anv  part  can  be  sold  out.  Or,  will  jou  be  joint  tenants?  If  jou  are 
joint  tenants,  then  on  the  decease  or  failure  of  anj  component  part  of 
the  amalgamation,  jou  succeed  to  their  holdings  and  rights  in  the 
amalgamation."  I  told  him  I  did  not  know  and  did  not  understand 
before  that  there  was  anj  difference  between  a  joint  tenant  uid  a 
common  tenant.  Oh,  jee,  says  he,  there  is  a  great  difference.  I  am 
aorrj  I  cannot  give  his  learned  and  technical  words,  but  if  the  meeting 
will  excuse  me,  I  will  refer  to  the  qnestiooe  that  came  up  partiallj, 
ajict  I  will  read  from  the  oiicolar  of  the  18th  of  November,  as  some 
people  do  not  have  it,  the  second  and  third  paragraphs. 

"  2.  —The  propertj  represented  b,v  land,  buildings  and  equipment 
of  the  Engineering  Societies  shall  be  held  and  administered  b;  an  ex- 
ecutive corporate  bodj,  preferably  under  a  special  charter  to  be  ob- 
tained from  the  State  of  New  York,  each  of  the  coustitucDt  societies 
being  entitled  to  name  from  its  membership  three  persons  to  act  as 
incorporators  and  thereafter  as  directors. 

"S.^Each  societj  annually  to  elect  or  appoint,  as  their  Bj-Laws 
maj  prescribe,  one  of  their  voting  members  to  serve  on  the  Board  of 
Directors  of  the  Executive  Corporation,  for  a  term  of  three  jears;  a 
vacancy  in  said  Board  to  be  filled  by  an  appointment  made  by  the 
society  the  retirement  of  whose  representative  canses  the  vacancy." 

And  that  is  one  of  the  arguments  in  the  circular  of  the  ISth  in 
favor  of  it.  Now,  if  we  are  joint  holders  in  this  affair,  on  the  failnre 
of  any  constituent  member  or  one  of  the  four,  we  succeed  to  his  rights ; 
but  if  we  are  tenants  in  common  under  this  act,  then  the  portiotf  of 
the  constituent  member  failing  may  be  sold  out.  We,  undoubtedly, 
would  be  able  to  buy  it,  but  we  would  have  to  bid  in  the  common 
market  for  it.  Now,  we  find  that  there  is  no  provision  for  loss  of 
representation  in  case  any  society  becomes  delinquent,  and  if  a  society 
becomes  delinquent,  and  we  at  that  time  are  not  able  to  buy  its  share, 
any  one — another  society  or  a  private  individual — might  buy  its  share 
and  take  as  full  and  complete  control  of  that  building,  as  I  under- 
stand it,  as  we  might. 
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Mb.  OABTWBiaHT.— la  it  not  stated  there  that  the  other  societiea 
shall  hare  the  flrat  right  to  pmchaae  aov  of  these  bonds  that  may  in 
an  J  manner  come  on  the  market? 

Mb.  Nobth. — Under  an  execntion,  I  don't  think  that  that  wonld 
work,  althongh  I  am  not  a  lawyer  and  I  cannot  state.  At  the  end  of 
this  conversation,  mj  legal  friend  said  to  me,  "This  is  a  vet;  im- 
portant matter,  and  yon  ehonld  get  the  veiy  beet  legal  advice  that  is 
possible."  Haid  I,  "  Will  that  settle  it?"  "Oh,  no!"  (Laughter.) 
Said  I,  "What  will  settle  it?"  He  answered,  "The  Court  of  last 
resort."  Now,  gentlemen,  we  are  asked  by  some  to  make  what  yon 
might  call  a  polygamous  marriage,  to  make  it  under  the  rules  of  the 
Boman  Catholic  Church  which  does  not  recognize  divorce  even  for 
the  statutory  cause.  When  we  make  this  connection,  it  is  made 
for  life,  the  life  of  the  four  societies,  and  the  only  way  we  can  got 
ont  of  it  is  to  go  out  ol  it  sod  leave  what  we  have,  nnless  some  law 
can  be  devised  which  will  save  us.  I  do  not  know  whether  or  not 
that  law  can  be  devised,  and  my  legal  friend  did  not  know  whether 
or  not  it  could,  but  he  said  we  should  get  the  very  best  legal  advice 
possible,  and  that  wouldn't  settle  it.  1  don't  think  it  is  very  well  to 
buy  a  pig  in  a  poke  of  that  kind.     It  might  be. 

There  is  one  point  here  I  wish  to  refer  to— it  is  a  little  outside  of 
this  question  that  is  now  before  the  honse,  bat  1  do  not  want  to  get 
up  again,  and  I  ask  the  kindness  of  the  meeting  to  hear  me  for  one 
word  or  two  more — ^thatis,  that  we  shonld  enter  upon  the  project  with 
a  firm  determination  to  avoid  dissension  and  make  it  helpful  and 
healthful.  That  is  on  page  8  of  the  circular  of  January  16th.  Now, 
in  the  beginning  of  last  June,  at  the  meeting  of  lost  June,  most  of  the 
people  attending  it  were  to  a  large  eitent  our  gnests.  It  is  perhaps 
impolite  to  use  snob  a  term  as  a  "snap  judgment,"  and  I  will  not  use 
it,  but  that  meeting  came  to  onr  Society  House  with  a  set  of  resolu- 
tions and  a  telegram  for  Mr.  Carnegie  thoroughly  prepared,  which 
they  proposed  rushing  throngb,  which  said  it  was  an  official  meeting 
of  the  four  societies,  as  I  understood  at  the  time,  and  I  objected  to  it. 
This  left  a  very  unpleasant  impression  on  my  mind,  the  desire  to  com- 
mit the  American  Society  in  a  meeting  that  was  not  called  by  the 
Society,  and,  I  think,  was  not  called  throngh  the  Society— at  least  I 
knew  of  it  only  incidentally,  and  received  no  written  notice  of  it.  And 
the  case  has  been  further  complicated  lately  by  a  circumstance  to 
which  I  may  refer  more  directly:  the  refusal  of  two  at  least  of  those 
societies,  and  possibly  the  third,  to  join  ns  in  an  engineering  congress 
at  8t.  Lonis.  I  believe— I  say  this  subject  to  advisement — but  I  be- 
lieve that  the  refusal  to  join  ns  in  an  engineering  congress  was  sncb  a 
reply  as  did  not  admit  of  any  further  negotiation.  Now,  we  do  not, 
as  I  look  upon  it,  wish  to  make  on  arrangement  for  life  with  thi«e 
other  societiea,  two  of  whom,  at  least,  are  at  this  time  more  or  less 


b,GoogIc 


Atbiro.]  BBPOBT  OP  THB  ANNUAL  HBBTINa.  8$ 

hostile  to  OB,  and  some  of  whom  tried  to  nee  the  Sooietj's  oune  to 
Bocomplieh  their  ends  without  dne  wuraiit  for  sach  nse. 

I  think  an  engineer,  and  T  believe  everjlxidj  here  present  will 
agree  with  me  perfectlj  and  thoronghl^,  who  undertakes  to  do  a  piece 
of  work  before  he  has  oarefnll;  looked,  not  onlj  at  the  possibilities  of 
doing  it,  bnt  at  the  difficulties  that  he  will  meet,  is  taking  monej  un- 
worthily and  dishonestly.  And  before  we  sink,  or  at  least  veatare, 
our  entire  capital  and  our  reputation  in  an  enterprise  of  this  kind,  I 
think  that  all  the  difficulties,  Mr.  President,  should  be  (airly  looked 
at  and  thoroughly  met  in  the  minds  ofthePreaidentand  theDirectorate 
of  this  Society. 

Now,  one  of  the  important  thiaga  in  this  arrangement,  as  it  looks 
to  me,  is  the  Bnanoial  and  the  professianal  etanding  of  these  three 
other  societies  we  are  asked  to  join.  We  have  a  great  interest  in  the 
flnancial  aStirs,  because  we  are  not  strong  enough  of  ourselves  to 
carry  the  S510  OOO  that  that  land  will  cost- 
Ma.  WnajAMS.— Mr.  President,  I  rise  to  a  point  of  order.  The 
qoeetioD  before  the  house  is  the  reconsideration,  as  I  understand 
it— 

Mb.  Nobth. — I  will  accept  that  point  of  order  before  it  is  acted 
on.  I  merely  asked  the  indulgence  of  the  meeting  to  extend  my 
remarks. 

W.  C.  IiAHBKiiT.  Assoc.  M.  Am.  800.  C.  K — I  desire  to  say  just  a 
word  in  favor  of  the  reconsideration.  When  the  original  question 
was  under  debate,  it  was  very  clearly  stated  that  the  Engineers' 
CInb  was  to  be  one  of  the  affiliating  societies.  It  seems  now,  on  a 
carefnl  reading  of  the  matter  at  the  bottom  of  page  1  and  the  top  of 
page  2,  although  it  is  to  be  made  to  apply  to  five  corporations,  the 
final  arrangement  does  not  include  the  Engineers'  Club,  and  that  the 
joint  or  common  tenancy  that  we  are  asked  to  enter  into  is  only  with 
those  other  three  oiganizatione.  The  question  is  on  our  common  or 
joint  tenancy  with  the  three  societies  holding  the  property  on  Thirty- 
ninth  Street.  I  did  not  understand  that  that  question  was  put.  I  am 
in  favor  of  its  reconsideration. 

The  motion  for  the  reconsideration  being  put  to  vote,  was  carried. 

Trk  Pbbsidbnt. — The  question  is  now  upon  the  original  motion, 
which  the  stenographer  wUl  read. 

"  That  there  be  issued  with  the  resolution  recommending  the 
ballot,  by  the  Board  of  Direction,  a  statement  of  the  conditions  re- 
quired for  membership  in  the  American  Society  of  Mechanical  En- 
gineers, the  American  Institnte  of  Electrical  Engineers,  the  American 
Institute  of  Mining  Engineers,  and  also  the  Engineers'  Club. " 

A  rising  vote  being  taken,  the  Secretary  announced  45  votes  in 
favor  of  the  resolution  and  116  votes  in  opposition. 
The  Chair  declared  the  resolntiou  lost. 
Mb.  Wiluaks.— I  move  we  adjourn,  if  there  is  no  other  business. 
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Thk  PsBsmENT.— I  hope  the  motion  to  adjoora  will  be  withdrawn. 
There  is  bnt  very  little  bnsinesB  more  to  be  bronght  before  the  meet- 
ing.    The  Secretary  will  read  the  report  of  the  Tellers. 

The  Secretary  read  the  report,  aa  tollowe: 

Report  of  Tellers  Appointed  to  Canvass  the  Ballot  tor  the  Etectlon 
of  Officers  at  the  Annual  Meeting,  January  aoth,  1904. 

Mb.  Pbksiqbnt: — The  tellers  appointed  to  canvaee  the  ballots  for 
officers' respect  fully  report  as  foliowa: 

Total  Dumber  of  ballots  received 697 

Not  entitled  to  vote , 2 

Without  signature 12 

Counted  and  fonnd  eorroet 683 

For  Preridetii  : 

Charles  Bermsny 674 

C.  C.  Schneider 2 

G.  B.  Kittredge. 

J.  A.  L.  Waddell 

C.  A.  Haawell 

R.  Hering. 

W.  B.  Parsons 

A.  Zieeiug 

Blank 

For  Vioe-Pregidentt  ; 

F.  8.  Cnrtis 

S.  L.  F.  Deyo 

W.  B.  ParsonB 

X.  H.  Ooodnough 

Jfts.  Dtin 

H.  A.  CarBOD 

W.  H.  Bnrr 

L.  L.  Buck 

H.  G.  Kelley 

H.  A.  Miller 

Wm.  Hood 

For  Treasurer: 

Joseph  M.  KDap 688 

For  Birectorn : 

Charles  8.  Gowen 679 

N.  P.  Lewis 676 

John  W.  Ellis  676 

Georges.  Webster 678 

Kalph  ModjeskL 668 

Charles  D.  Mars 674 

H.  A.  La  Chicotte 1 

B.  C.  HoUyday 2 

Ohfts.  Warren  Hunt 1 

V,  C.  Bogne i 
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a«o.  B.  Franois 

Chas.  H.  Haewell 

R.  A.  Cairns 

KP.Dawlej 

a.  F.  Swain 

F.  P.  Steams 

Edgar  Uarburg 

J.  B.  Davie 

G.  E.  Ellis 

Jaa.  Dnn 

L.  E.  Cooley 

F.  W.  Cappelen 

Onward  Bates 

W.  W.  Curtis 

J.  D.  Isaacs 

F.  A,  Molitor 

B.  S.  Wathen 

R.  B.  Bums 

Alfred  W.  Tbottbb, 
H.  M.  EooD. 

B.  C.  COLUBB, 

TeUers. 
Jakcabx  2l>rH,  1904. 


The  Pbbbidbnt.— I  declare  the  following  gentlemen  elected; 

As  President,  Charles  Hermany; 

As  Vice-PreaideaU,  F.  S.  Onrtia  and  8.  L.  F.  Dejo; 

Ah  Treasurer,  Joseph  M.  Enap; 

As  Biredors,  Charles  S.  Gowen,  N.  P.  Lewis,  John  W.  Ellis,  Qeorge 
8.  Webster,  Ralph  Modjeski  and  Charles  D.  Mars. 

The  Secretary  will  make  some  announcements. 

The  Secretary  then  announced  certain  features  of  the  programme. 

The  Pbbbidbnt. — In  laying  down  the  high  office  with  which  you 
entmsted  me  a  year  ago,  I  desire  to  aaj  that  my  sense  of  the  honor 
conferred  bas  been  a  constantly  increasing  one,  and  my  sense  of  the 
obligation  that  I  am  under  to  the  Society  has  also  been  increasing.  I 
will  now  reqneat  Mr.  Croes  and  Mr.  Cartwright  to, conduct  the  Presi- 
dent-eleot  to  the  chair. 

Oentlemeu,  it  is  my  high  privilege  to  present  to  yon  year  Presi- 
dent, Mr.  Charles  Hermanj.    (Applatue]. 

CHABnBsHBBH&MT,  President,  Am.  Soc.  C.  E. — Gentlemen,  Members 
of  the  American  Society  of  Civil  Engineers,  Professional  Brethren,  as 
I  have  known  yon  to  be  for  lo,  these  many  years,  I  thank  yon  for  the 
honor  yon  have  conferred  upon  me  upon  this  day.  In  the  history  and 
the  afbirs  of  the  Society,  the  Annual  Meeting  is  an  occurrence  of 
interest  and  importance.  To  me  it  has  been  on  this  occasion  an  event 
somewhat  startling.  Notwithstanding  the  fact  that  it  is  so,  I  can 
thank  you  for  the  honor  conferred.  In  undertaking  the  assiuuption 
of  an  office  of  this  kind,  aa  I  have  stated,  it  is  somewhat  startling.  The 
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dntiea  devolviDg  upon  the  execntiTe  are  T&ried  and  important,  and, 
while  I  enter  upon  them  with  some  heeitation,  notvithet ending  that, 
when  I  remember  the  long  intimate  relatione  with  the  men  into  whow 
faces  I  am  now  looking,  I  feel  aaanred  that  with  their  co-operetioD, 
guidance  and  aBsiBtance,  there  cannot  any  taek  come  before  this  Society 
that  we  eannot  manage  succeesfnlly  and  creditably.  I  thank  joa  again 
for  the  honor  conferred.     (Applause.) 

Tbb  Sbobbtabx. — Qentlemen,  I  am  requested  by  the  President  of 
the  Society  to  eaj  that  the  meeting  of  the  Board  of  Direction,  which 
is  required  by  the  Constitntion  at  the  Annual  Meeting,  will  be  held  in 
the  Secretary's  office  at  half-past  two,  and  the  members  of  the  Board 
of  Direction  are  respectfully  requested  to  get  there  as  near  that  time 
AS  possible. 

The  Society  then  adjourned. 
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Wednesday.  January  jotb,  1904.— Aiter  the  btiBineaa  meeting, 
iDnch  for  about  450  meioberB  vae  served  «t  1,3U  p.  h.  at  the  Society 
House.  At  3  P.  11.  a  large  party,  nnder  the  guidance  of  B.  L.  F. 
Bejo,  M.  Am.  Soc.  C.  E.,  Chief  E^neer,  and  George  E.  TbomaH,  M. 
Am.  80c.  0.  K,  Saperriai&g  Engineer  of  Power- House,  Interbotongli 
Bapid  Transit  Company,  visited  the  new  power-boase  o(  that  00m- 
panj  at  Fifty-ninth  Street  and  Eleventh  Avenue.  The  statione  and 
various  parts  of  the  Rapid  Transit  Railroad  were  aleo  inspected  during 
the  afternoon. 

At  9  P.  M.  there  was  a  Beception,  with  dancing,  in  the  Society 
House,  at  which  the  attendance  was  abont  81H>. 

Thursday,  January  3iBt,  1904 — The  day  was  devoted  to  an  excur- 
sion to  Boonton  and  Ijittle  Falls,  N.  J.,  by  invitation  of  the  Engineers 
and  Contractors  of  the  works.  The  party  left  New  Tork  at  9.30  A.  u. 
on  a  special  train  over  the  Delaware,  Lackawanna  and  Western  Bail- 
road,  fornisbed  by  the  courtesy  of  William  H.  Trnesdale,  President, 
and  proceeded  to  Boonton,  where,  under  the  guidance  of  J.  Waldo 
Smith, IL  Am.  Soc.  G,  E.,CoaBalting  Engineer;  andEdlow  W.HarrieoD, 
M.  Am.  Soc.  C.  E.,  Chief  Engineer,  of  the  Jersey  City  Water  Supply 
Company,  the  Boonton  Dam  and  the  Conduit  for  the  water  supply  of 
Jersey  City  were  inspected.  The  party  afterward  visited  the  filtration 
works  and  pumping  station  of  the  East  Jersey  Water  Company,  at 
Little  Falls,  N.  J.,  where  Inuch  was  served.  After  inspecting  the 
works  the  members  and  their  guests  retamed  to  New  York,  arriving 
at  5.15  p.  M. 

In  the  evening  there  was  an  informal  "Smoker"  at  the  Society 
HoQse,  about  460  members  and  guests  being  in  attendance. 

The  following  list  contains  the  names  of  193  members,  of  various 
grades,  who  registered  ae  being  in  attendance  at  the  Annual  Meeting. 
The  list  is  incomplete,  on  account  of  the  failure  of  many  members  to 
register,  aud  it  does  not  contain  the  names  of  any  of  the  guests,  of 
the  Society  or  of  individual  members: 

Abbot,  F.  W New  York  City     Babb,  C.  C. .  ..Washington,  D.  C. 

Abbott,  E.  L New  York  City     Bacon,  John  W,  .Danbury,  Conn. 

Adams,  Arthur Utica,  N.  Y.     Bailey,  Geo.  I . . . .  New  York  City 

Aiken,  W.  A Pittsburg,  Pa.     Baird,  H.  C Pboenisvilie,  Pa. 

Allen,  W.  A Manrer.  N-  J.     Ball,  C.  B New  York  City 

Allen,  W.  F New  York  City     Bamford,  W.  B... New  York  City 

Allen,  W.  H Brooklyn,  N.  Y.     Bance,  C.  W. .    .Jersey  City,  N.  J. 

.  Aaiyaosen,  F Brooklvn,  N.  Y.     Barbour,  F.  A Boston,  Maes. 
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Bankee,  W.  T Boaton,  Maee. 

Barnej,  P.  C. . .  .Brooklyn,  N.  Y. 

B&rnelej,  O.  T Oakmont,  Pa. 

BaBinger,  J.  G. . .  New  York  City 
Beerbower,  G.  M . .  New  York  City 
Belknap,  W.  E. .  -  .New  York  City 
Benton,  Lewis  B.  .New  York  City 

Berger,  Bemt New  York  City 

Betts,  K.  T Brooklyn,  K.  Y. 

Bengler,  E.  J Boaton,  Mass. 

Biesell,  H Boaton,  Maaa. 

Blakeelee,  C. .  New  HaTen.  Conn. 

BoeckliD,  W New  York  City 

Bogart,  John New  York  City 

Boiler,  AKred  P.  .New  York  City 
Bond,  Edward  A. .  .Albany,  N.  Y. 
Bouton,  G,  H.  Jersey  City,  N.  J. 
Bowers,  George. .  ..Lowell,  Mass. 

Bowman,  A.  L New  York  City 

Boyd,  J.  C New  York  City 

Brace,  J.  H New  York  City 

Biackenridge,  J.  C, 

Brooklyn,  N.  Y. 

Braine,  L.  F Newark,  N.  J. 

Bramwell,  G.  W.  New  York  City 
Braslow,  Barnett.-New  York  City 
Brigga,  Joaiah  A  .  New  York  City 
Brodhead,  CaMn  E., 

Wilkes  Barre,  Pa. 

Brooks,  Fred Boston,  Mass. 

Brown,  Le  Grand, 

Eocheeter,  N.  Y. 

Brown,  T.  E New  York  City 

Brunner,  John Chicago,  111. 

Bryaon,  Andrew Reading.  Pa. 

Buchholz,  Chaa.  W., 

New  York  City 

Bnok,  E.  S Montreal,  Canada 

Bullock,  W.  1>.  .Providence,  R.  1. 

Burdett,  F.  A New  York  City 

Bnrpee,  Moaes Honlton,  Me. 

Burr,  W.  H New  York  City 

Bnrrowee.  H.  G.. Brooklyn,  N.  Y. 
Bush,  Edw.  W.., Hartford,  Conn. 
Buah,  H.  D Baltimore,  Md. 


Carlile,  T.  J. . .. Philadelphia,  Pa. 
Carpenter,  O.  A., 

Pawtncket,  B.  I. 

Carr,  Albert New  York  City 

Cartwright,  R.  ..Eocheater.  N.  Y. 

Catt,  Geo.  W New  York  City 

Cattell,  W.  A New  York  City 

Chambera,  H.  J. .  .New  York  City 
Chambers,  Ealph  H., 

New  York  City 

Cbaae,  B.  D New  York  City 

Chibaa,  Edwardo  J., 

Santiago  da  Cuba 
Christian,  G.  L. ,  New  York  City 

Christy,  O.  L New  York  City 

Clark,  G.  Hallett.  -New  York  aty 

Clarke,  O.  C New  York  City 

Clarke,  St.  John. ..  .Bogota,  N.  J. 
Clauanitzer,  John, 

Brooklyn,  N.  Y. 
Cod  wise,  E.  B. .  ..KiDgaton,  N.  Y. 
Coffin,  T.  Amory .  .New  York  City 
Cogawell,  W.  B.  .Syracnae,  N.  Y. 

Cole,  H.  J New  York  City 

ColUer,  B.  C New  York  City 

Collingvfood,  P.. Elizabeth,  N.  J. 

Condron,  T.  L Chicago,  III. 

Conrow,  H New  York  City- 
Cook,  John  H PatersoD,  N.  J. 

Cooke,  Chaa.  H . .  .New  York  City 

Coombs,  S.  E New  York  City 

Cotthell,  A.  B New  York  City 

Coithell,  E.  L. , . .  New  York  City 
Coverdftle,  W.  H.  .New  York  City 

Crandall,  C.  L Ithaca,  N.  Y. 

Crane,  C.  A New  York  City 

Crane,  F.  E. .  Amsterdam,  N.  Y. 
Crane,  W.  E...  .Brooklyn,  N.  Y. 
Craven,  AKred, .  ..Yonkers,  N.  Y. 

Croes,  J,  J.  E New  York  aty 

Crowell,  Foater, .  .New  York  City 
Cuddeback,  A.  W.,  Paterson,  N.J. 

Dakin,  A.  H.,  Jr..  New  York  City 
Darwin,  H.  G New  York  City 
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D»Tie8,  J.  V New  York  City 

Davis,  Cfass Allegheny,  Pa. 

DariaoD,  Geo.  S..  .PitUborg,  Pa. 
Dmhb,  Jqo.  8...PbiBDixville,  Pa. 

Devio,  George Hoboken,  N.  J, 

Dejo,  a  L.  F New  York  City 

DiebitBch,  E New  York  City 

Doramce,  W.  T..  .New  York  City 

DoQgui,  J New  York  City 

Bonglierty.  R.  E.  .New  York  City 
Donglasa,  A.  C, 

Niagara  Falls,  N.  Y. 

Drew,  CD Brooklyn,  N.  Y. 

Dnncklee,  John  B.New  York  City 
Dnnham,  H.  F New  York  City 

Euby,  H.  W. .  Philadelphia,  Pa. 

Edwards,  J.  H Oilord,  N.  Y. 

Ed4ards,  W.  B  ..Baltimore,  Md. 

Ehle,  Boyd East  Creek,  N.  Y. 

EUU,  J.  W Providence,  R.  I. 

Eodemuin,  H.  E . .  New  York  City 

Erkndwn,  O New  York  Gity 

Etmb,  J.  M Brooklyn,  N.  Y. 

Etms,  M.  E New  York  City 

Furohild.  J.  F.Mt.  Vernon,  N.  Y. 
F»Ik,  Myron  8. . .  .New  York  City 
Fwley,  Philip  P.  Brooklyn.N.Y. 

Furiogton,  H New  York  City 

Fe^UBon,  G.  E,  .  .New  York  City 
Fethemton,  J.  T., 

New  Brighton,  N.  Y, 
Fiebeger,  Q.  J.. Wert  Point,  N.  Y. 

Field.  W,  P Newark,  N.  J. 

Fiih,  J.  Charles  L  Palo  Alto,  Ca]. 
Fisher,  Francis  D..New  York  City 
Fletcher,  Robert.. Hanover,  N.  H. 
Plinn,  Alfred  D, .  New  York  City 

Ford,  F.  L. Hartford,  Conn. 

Ford,  W.  H Philadelphia,  Pa. 

Fort,  E.  J Brooklyn,  N.  Y. 

Forter,  E.  H New  York  City 

Poi,  W.  G. .  .Bnlle  Bridge,  Conn. 
FnmcU,  Geo.  B. ,  .New  York  City 


Francis,  H.  N. . .  .Arlington,  R  I. 
Fraser,  Chaa.  E. .  .New  York  City 

French,  A.  H Brookline,  Haas. 

French,  A.  W... Worcester,  Itfaas. 
French,  J.  R  . . .  .Brooklyn,  N.  Y. 

Froat,  Geo.  H New  York  City 

Frost,  Goo.  8 New  York  City 

Fuller,  Frank  L. . .  BoatOD,  Maaa. 

Fnllet,  G.  W New  York  City 

Puller,  Wm,  B Paterson,  N.  J. 

Fnrber,  W.  C. ..  Philadelphia,  Pa. 
Fnrman,  J.  R New  York  City 

Gahagan,  W.  H  .Brooklyn,  N.  Y. 
Gardiner,  F.  W. ,  ..New  York  City 

Gardner,  M.  L Newark,  N.  J. 

Garrison,  F.  L. .  .Crandnll,  Tenn. 

Gattenateig,  G New  York  City 

Gay,  Martin New  York  City 

Gerber,  E Pitteburg,  Pa. 

Gifford,  Geo.  E New  York  City 

Gillespie,  R  H . . . .  Now  York  City 
Goldsborongh,  J.  B., 

Croton-on-Hndson,  N.  Y. 
Goodell,  John  M.  .New  York  City 
Goodnongh,  X.  H.. Boston,  Mass. 
Goodrich,  E.  P.  ..Brooklyn,  N.  Y. 

Gonld,  E.  8 Yonkera,  N.  Y. 

Gonld,  W.  T Brooklyn,  N.  Y. 

Gowen,  C.  8 Oaaining,  N.  Y. 

Graham,  0.  H  . . .  -New  York  City 
Granbery.  J.  H.  Elizabeth,  N.  J, 

Grant.  T.  H Red  Bank.  N.  J. 

Grantham.  H.  T.Pbiladelphia.Pa. 

Gray,  J.  C New  York  City 

Gray,  J.  H New  York  City 

Gray,  W New  York  City 

Green,  B.  B. ..Washington.  D.  C. 

Green,  C.  N New  York  City 

Greene,  Carleton.  .New  York  City 

Greene.  F.  8 New  York  City 

Greene.  G.  8.,  Jr. New  York  City 

Greene,  J.  N.   Beaton.  Mass. 

Gregory,  C.  E New  York  City 

Greiner,  J.  E Baltimore,  Md. 
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Griffith,  L YoDkew,  N.  Y. 

Grimm,  C.  R. . .  -BrooUjn,  N.  Y. 
Griswold,  H,  T.Old  Lyme,  Conn. 
Gubelman,  F.  J . . .  New  York  City 
QndmnndBBOD,  G  .PittBbnrg,  Fa. 

Hague.  Cbas.  A. .  .New  York  City 

Haight,  S.  B New  York  City 

Hall,  L,  W Tuacalooaa,  Ala. 

Hall,  Martin  W... New  York  City 

Ham,  W.  H New  York  City 

Hamlin,  W.  E New  York  City 

Hammer,  B.  H . . . .  New  York  City 
Hankineon,  A.  W..New  York  City 
Hansel,  CbRrleB.  .Rochester,  N.  Y. 

Harlow,  J.  H Baltimore,  Md. 

HBrrington,  F.  F.  .New  York  City 
HarringtoD,  J.  L., 

West  New  Brighton,  N  Y. 

HarriB,  Elmo  G Kolla,  Mo.  - 

HarriBon,  C.  L New  York  City 

Harrison,  E.W.  .Jersey  City,  N.J. 
Harte,  C.  B.. Jamaica  Plain,  Mass. 

Harwi,  S.  J Bayonne,  N.  J. 

Harwood,  G.  A. . , .  New  York  City 
Haskins,  W.  J. . .  .New  York  City 

Hauck,  W New  York  City 

Haviland,  A New  York  City 

Hayes,  E Cohoes,  N.  Y 

Hayes,  8.  W Geneva,  N.  Y. 

Hasard,  E., 

Johannesburg,  South  Africa 
Hazard,  3. . .  .WbitePlains,  N.  Y. 

Hazen,  Allen New  York  City 

Hazlett,  B Wheeling,  W.Va. 

Henderson,  J.  T. Hartford, Conn. 
Henry,  Philip  W . . .  New  York  City 
Herbert,  H.  M. Bound  Brook,  N.  J. 
Hering,  Biidolph,.New  York  City 

Hermany,  Chas Louisville,  Ey 

Hiokok,  H.  A Newark,  N.  J. 

Hildenbrand,  W.  ..New  York  City 
Hillyer,  Wm.  R. .  .New  York  City 
Hoffman,  N.  B.  K . .  New  York  City 
Holliday,  A.  B. . .  .New Castle,  Pa. 


Hollyday,  E.  C. .  .Brooklyn,  N.  Y. 

Hone,  F.  de  P New  York  City 

Hopkins,  O.O.,  Jr..Brooklyn,N.Y. 

Howe,  E.  W Boston.  Mass. 

Howe,  H.  J New  York  City 

Hoyt,  WilUam  E.  .Boohester,  N.  Y. 
Humphrey.K  L.Philadelphia, Pa. 

Hunt,  Chas.  W New  York  City 

Hunt,  B.  W Chicago,  III. 

Hunter,  B.  E. ..Montreal, Canada 
Hutchinson,  Gary  T.NewYork  City 

Ilsley,  A.  B  Boston,  Mass. 

Irwin,  J.  C New  York  City 

Ives,  A.  S PhUadelphia,  Pa. 

Jackson,  William.  .Boston,  Uass. 

Jacoby,  H.  S Itbaca,  N.  Y 

Jarrett,  Edwin  8.  .New  York'City 

Johnson,  L.  E Steeltos,  Fa. 

Johnson ,  L.  J . ,  Cambridge,  Mass. 

Johnson,  W.  S Boston,  Mass. 

Jordan,  W.  F New  York  City 

Juat,  Geo.  A New  York  City 

KanlmaD,  G Brooklyn,  N.  Y. 

Keaya,  E.  H New  York  City 

Keith,  H.  C New  York  City 

Keller,  O.  B New  York  City 

Kelley,  W.  D New  York  City 

Kenney,  E.  F.  ..PhUadelphia,  Fa. 
Ehuen,  Richard. .  .Ambridge.  Fa. 
Kimball,  George  A.  .Boston,  Mass. 
King,  C.  C, 

West  New  Brighton,  N.  Y. 
King,  Wallace.,  Jr  New  York  City 

Kinsley,  T.P New  York  City 

Knap,  R  D New  York  City 

Knap,  J.  M New  York  City 

Knickerbacker,  John .  .Troy,  N.  Y. 

Knowlee,  M Pittaburg,  Fa. 

Kolb,  Henry  J.. .  .New  York  City 

Labelle,  H.  F.  .Philadelphia,  Fa. 
LaChicotte,  H.  A. New  York  City 
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Landreth,  O.H.Scheneotady.N.T. 
Lnndreth,  W.  B. . .  .Albany,  N.  T. 

Lnvia,  F New  York  City 

Leavitt,  C.W.,  Jr-.NewYorkOity 

Leo,  E.  H Chicago,  111. 

Leonard,  H.  B .  .Philadelphia,  Pa. 
Lesley,  B.  W.  ..Philadelphia,  Pa. 

I.ewis,  F.  H Craigsville,  Va. 

Lewis,  N.  P New  York  City 

Livingston,  J.  I .  Bound  Brook,  N.J. 

Long,  E.  M New  York  City 

Loomis,  Horace.  Mt.  Vernon,  N. Y. 
Lowiaaon,  Oacat. .  .New  York  City 
Ladwig,  Alfred..  ..New York  City 
Lnndie,  John New  York  City 
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ANNOUNC  BMBNTS. 
The  House  of  the  Society  Is  open  froni  9  A.  M.  to  lo  P.  M. 
«very  day,  except  Sundays,  Fourth  of  July,  Thanksiivliig  Day  and 
Christmas  Day. 

MEBTINas. 

Wednesday,  March  3d,  1904. — 8.30  p.  u.— A  regalar  bneiaeM 
meeting  wiJl  be  held.  Bftllole  for  memberahip  and  baUotfl  on  the 
proposed  Uoion  Engineering  Building  will  be  oanvasBed,  and  a  paper, 
entitled  "  Subetmotiire  of  Marsh  River  Bridge,"  bj  Herbert  J.  Wild, 
Jnn.'Am,  Boo.  C.  E,.  will  be  presented  for  diBCosBion. 

Tliia  paper  is  printed  in  this  nnmber  of  Proceedings. 

Wednesday,  March  iCth,  1904 — 8.30  p.  k.— At  tbie  meeting,  a 
paper,  entitled  "  The  Lacation  of  the  Knoxville,  La  Fottette  and  Jel- 
lioo  Railroad,  of  the  Loaisville  and  Nashville  System,"  hj  W.  I>. 
Taylor,  H.  Am.  Soc.  C.  E.,  will  be  presented  for  discnssion. 

This  paper  is  printed  in  this  nnmber  of  Proceedings. 

ANNUAL  CONVENTION,  1904. 

The  Thirty-sixth  An  anal  Convention  will  beheld  at  St.  Lonis,  Mo., 
during  the  week  beginning  October  3d,  1904. 

A  Committee  of  the  Board  of  Direction  is  now  arranging  a  pro- 
gramme, with  a  view  to  making  this  Convention  an  International  Meet- 
ing of  Engineers,  for  the  presentation  and  diacnasion  of  timely  sub- 
jects of  professional  interest. 

As  the  details  of  the  arrangements  are  developed,  tbey  will  be 
annonnced  in  Proceedinga. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  I904. 

The  Society  has  tmdertaken  to  provide  for  an  engineering  exhibit, 
and  the  eatablishment  of  Heodquartera  for  visiting  engineers,  and  the 
Board  of  Direction  has  appropriated  sufficient  funds  to  defray  the 
neoeBsary  expense. 

This  matter  is  in  the  hands  of  the  following  Committee: 

Robert  Moobb,  M.  Am.  Soc.  C.  £.,  St.  Louis,  Mo.,  Chairman. 

EdwabdC.  Cabtbb,  M.  Am.  Soc.  C.  E.,  Chicago,  111. 

MoKDBCAi  T.  Ehoicott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  C. 

James  L.  Fr&zirb,  "  "  Frankfort,  Ind. 

"Wiujiam  Jackson,  "  "  Boston,  Maes. 

Eun.  KuicELiNo,  "  "  New  York,  N.  Y. 

J.  L.  Van  Ormuh,  "  "  St,  Louis,  Mo. 

John  F,  WaiiLace,  "  "  Chicago,  IIL 

H.  J.  Ffeifeb,  Assoc.  M.  Am.  Soc.  G.  E.,  St.Xioais,  Mo.,  Secrettiry. 
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International  Engineering  Congress 

UNOM  THt  AUSPICES  OF 

The  American  Society  of  Civil  Engineers 

In  conjunction  with  the  St.  Louis  Universal  Exposition, 

October  3d  to  8th,    1904. 


COMMITTEE  IN  CHARGE: 

Ueibt  S.  Haiku,  C*airman,  Charles  Warren  Hunt,  S*cr*taiy, 

JT4  Fifth  Atb.,  N>w  York  aty.  i»  WcM  jtUi  St.,  N*w  York  CItr 

L  r.  G.  BoosCAmBtf,  Vfa-Ciairman,  JOSEPH  U.  Knaf,  TreaiKrer, 

andniuitl,  Ohio.  »  Wen  ijOi  8t,  N«w  Y<a'k  Cltr. 

ViujAii  llETCAu,  Fitubnrc.  P>.  William  P.  CRAioHiLL.CliarlMtoiTii,  W.  Va. 

BisjuiililL  HARROD.NewOrlcans,  La,  U.  T.  Ehdicott,  Wa^loKton,  D.  C. 

Elreh  L.  Corthell,  New  York  Citr-  Joseph  Kaksev.  Jr.,  St  Lools,  Ho. 

BOBEkT  W.  Hunt,  ChioiKOi  VI  L.  B.  Stillwell,  New  York  City. 

Gecige  W. Melville.  PbIlB4elphia,P«.  H.  L,  Holm  AN,  St.  Lonit,  Ho. 

GeOegi  B.  Post,  N«w  York  City.  JOSEPH  O.  Osgood,  New  York  City. 

Piuiu  C.  RicKBTTS,  Troy,  N.  Y.  Oborqe  H.  PEORaM,  New  York  City. 

CEOicE  S.  Davisom,  Pituborg,  Pb.  Alfred  craven,  Maw  York  Cfty. 
Hunter  UcDonald.  Naihvliie,  t«id. 


Preliminary  Announcement 
February  1st,  1904. 
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UNIVERSAL  EXPOSITION,  ST.  LOUIS, 
1904. 

INTERNATIONAL   ENGINEERING    CONGRESS. 

PRELIMINARY    ANNOUNCEMENT. 

An  International  Engineering  Congress,  under  the  auspices 
of  the  American  Society  of  Civil  Engineers,  will  be  held  at  the 
Universal  Exposition,  Saint  Louis,  Missouri,  U.  S.  A.,  during 
the  weeit  of  October  }d  to  8th,  1904. 

The  Congress  will  be  one  of  a  series  of  International  Scien- 
tiflc  Congresses  to  be  held  at  the  Exposition  under  the  general 
authority  and  with  the  co-operation  of  the  Director  of  Con- 
gresses. 

The  development  of  Engineering  Science  during  the  past 
decade  has  been  so  rapid  and  has  extended  over  so  wide  afield 
that  the  Universal  Exposition  at  Saint  Louis  seems  to  be  a 
fitting  time  at  which  to  review  the  work  of  the  past  and  obtain 
an  authoritative  epitome  of  present  practice. 

The  object  of  the  Congress  is  to  secure  a  thorough  Interna- 
tional consideration  of  certain  branches  of  Engineering  work 
which  have  been  selected  with  special  reference  to  their  present 
interest  and  importance. 

In  order  to  facilitate  the  work  of  the  Congress  and  to  insure 
the  presentation  of  topics  in  a  systematic  manner,  the  Com- 
mittee has  prepared  the  subjoined  list  of  the  subjects  which 
have  been  selected  for  review  and  discussion. 

It  is  to  be  understood  that  the  list  of  subjects  proposed  is 
somewhat  tentative,  and  may  be  slightly  modified  as  the  de- 
tails of  the  programme  are  perfected. 

As  a  basis  for  discussion  at  the  sessions  of  the  Congress, 
the  Committee  has  invited  engineers  specially  qualified  in 
each  of  the  various  branches  covered  by  the  foregoing  list,  to 
prepare  a  review  of  the  development  during  the  past  ten  years 
in  that  branch  in  the  United  States,  together  with  a  summary 
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of  present  practice.  Engineers  in  other  countries,  experienced 
in  these  various  lines,  will  be  specially  invited  to  prepare  sim- 
ilar papers  presenting  a  review  and  summary  of  practice  in 
their  respective  countries. 

It  is  proposed  to  print  these  papers  in  advance,  in  order 
that  a  full  discussion  at  the  various  sessions  may  be  elicited 
without  giving  up  any  time  to  the  reading  of  papers  at  the 
Congress. 

All  engineers  in  the  United  States  and  in  all  other  countries 
are  invited  to  become  members  of  the  Congress,  to  attend  the 
sessions,  and  to  take  part  in  the  discussions;  or,  if  unable  to 
attend,  to  forward  written  communications  on  any  of  the 
selected  subjects.  It  is  not  expected  that  delegates  will  be 
formally  appointed,  it  being  intended  that  an  opportunity  to 
attend  shall  be  afforded  to  any  who  may  wish  to  become  mem- 
bers of  the  Congress. 

The  papers,  together  with  the  discussions  upon  them,  will 
be  collated  and  published  in  one  or  more  volumes  by  the 
American  Society  of  Civil  Engineers. 

The  membership  fee  in  the  Congress  will  be  I3.00,  which 
will  entitle  the  member  to  participate  in  the  Congress  and  to 
receive  a  copy  of  the  published  proceedings. 

AH  members  of  the  American  Society  of  Civil  Engineers 
will  be  members  of  the  International  Engineering  Congress 
without  payment  of  the  membership  fee,  and  will  be  entitled 
to  receive  all  the  publications  of  the  Congress. 

Membership  may  be  secured  by  forwarding  this  fee,  with 
name  and  address,  to  the  Secretary  of  the  Committee,  Charles 
Warren  Hunt,  22oWest57thSt.,  New  York  City,  who  will  issue 
a  receipt  therefor.  Each  member  will  receive  all  notices,  pro- 
grammes, etc.,  issued  in  advance  of  the  Congress. 
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LIST  OF  SUBJECTS: 


1.  Harbors. 

2.  Natural  Waterways. 
^.  Artificial  Waterways. 

4.  Lighthouses     and    Other 

Aids  to  Navigation. 

5.  Traffic    on    Improved 

Waterways,  as  Com- 
pared with  Seaboard 
Traffic,  and  the  Effect 
of  this  Development  on 
Railroad  Traffic. 

6.  Purification  of  Water: 

a.  For  Domestic  Use ; 

b.  For  the  Production 

of  Steam. 

7.  Turbines    and    Water 

Wheels. 

8.  Irrigation. 

9.  Railroad  Terminals : 

a.  At  Ports; 

b.  Inland. 

10.  Underground  Railways. 

1 1 .  Locomotives    and    Other 

Rolling  Stock. 

12.  Live  Loads  for    Railroad 

Bridges. 

13.  The  Substitution  of  Elec- 

tricity for  Steam  as  a 
Motive  Power. 

14.  Sewage  Disposal. 

1^.  Disposal     of     Municipal 
Refuse. 


16.  Ventilation  of  Tunnels. 

17.  Highway  Construction. 

18.  Concrete    and    Concrete- 

Steel  Construction. 

19.  Deep  Foundations. 

30.  The  Manufacture  of  Steel. 

31.  Tests  of  Materials  of  Con- 

struction. 

23.  Passenger  Elevators. 
2}.  Pumping  Machinery. 

24.  Dredges:  Their  Construc- 

tion and  Performance. 

25.  Steam  Turbines. 

26.  Electrical  Power: 

a.  Generating   Sta- 

tions; 

b.  Transmission. 
37.  Naval  Architecture. 

28.  Marine  Engineering. 

29.  Dry  Docks. 

30.  Ordnance. 

31.  Fortifications. 

32.  Mining  Engineering. 

(Sub-Divisions  under 
this  heading  not  yet 
determined.) 

33.  Engineering  Education. 

(Sub-Divisions  under 
this  heading  not  yet 
determined.) 
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REPORT  OP  THE  BOARD   OF   DIRECTION   TO   THE    PIPTV-FIRST 

ANNUAL  MBETINQ,  JANUARY  30tb,  1904.  IN  THE  MATTER 

OF  THE  PROPOSED  ENOINEERINQ  BUILDINQ. 

The  attentioQ  of  the  members  of  the  American  Society  of  Civil  Engineers 
is  called  to  a  decision  of  the  question  whether: 

The  Society  shall  continue  as  heretofore  to  occupy  its  own  building; 
Or,  sliall  occupy,  in  common  with  three  other  National    Engineering 
Societies,  suitable  space  in  a  large  building  owned  and  controlled  by  a  Cor- 
poration composed  of  an  equal  number  of  representatives  from  each  of  these 
Societies. 

The  manner  in  which  this  question  has  come  to  be  considered  by  the 
American  Society  of  Civil  Engineers  is  this: 

On  February  14th,  1903,  Mr.  Andrew  Carnegie  wrote  this  letter: 
"  Gentlemen  of  the 

American  Society  of  Civil  Engineers, 
American  Society  of  Mechanical  Engineers, 
American  Institute  of  Mining  Ei^ineers, 
American  Institute  of  Electrical  Engineer*,  and  the 
Engineers'  Club. 
"  It  will  giveme  great  pleasure  to  give  say  one  million  dollars  to  erect  a 
suitable  Union  Building  for  you  all,  as  the  same  may  be  needed. 
"  With  best  wishes, 


Mr.  Carnegie  has  since  given  verbal  assurance  that  he  desires  to  erect  a 
building  adequate  in  all  respects  to  the  needs  of  the  Societies  with  due  pro- 
vision for  future  growth,  the  cost  not  to  be  limited  to  the  sum  named  in  his 
original  offer. 

At  the  time  the  foregoing  letter  was  written,  the  Engineers'  Realty  Com- 
pany, an  association  formed  for  the  purpose  of  providing  a  home  for  the 
Engineers'  Club,  had  purchased  a  plot  of  land  having  fifty  feet  frontage  on 
Fortieth  Street  and  a.  depth  of  ninety-eight  feet  nice  Inches,  half  way  between 
Fifth  and  Sixth  Avenues. 

A  plot  of  land  directly  in  the  rear  of  this  property  and  fronting  on 
Tbitty-nintb  Street,  with  a  frontage  of  one  hundred  and  twenty-five  feet,  and 
a  depth  of  ninety-eight  feet  nine  inches,  has  been  purchased  by  Mr.  Carnegie 
atacost  of  $517  03D,  He  proposes  to  sell  this  at  cost  and  interest  to  tbe  four 
Engineering  Societiss  named  in  his  letter,  or  such  of  them  as  will  join  in  the 
purchase,  after  he  shall  have  erected  upon  it  a  building  (costing  approx- 
imately one  million  dollars)  to  be  made  adequate  to  the  needs  of  all  tbe 
Societies  for  a  long  time  to  come,  which  building  will  go  with  the  land  with- 
out eitra  charge  to  the  purchasers  of  the  land. 

An  adequate  building  will  be  erected  by  Mr.  Carnegie  on  the  adjoining 
lots  which  front  on  Fortieth  Street,  and  will  be  similarly  conveyed  to  the 
Engineers'  Club.  It  should  be  stated  that  the  representatives  of  the  several 
Societies,  including  in  this  case  those  of  tbe  Engineers'  Club,  unanimously 
favor  the  complete  physical  separation  of  the  two  buildings,  Mr.  Carnegie 
has  never  formally  acceded  to  this,  but  there  is  little  room  to  question  his 
acquiescence. 
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A  conference  committee  of  the  four  EngiQeerinj;  Societies  has,  after  six 
months'  deliberation,  formnlated  conditions  for  the  tenure  of  the  property, 
the  essential  points  of  which  are  as  follows:' 

The  title  of  the  property  shall  be  vested  in  an  EXECUTIVE  CORPORA- 
TION, which  is  to  be  created  by  special  Act  of  the  Legislature,  and  is  to  be 
composed  of  twelve  persons,  three  of  whom  are  to  be  chosen  by  each  of  the 
aforesaid  CONSTITUENT  SOCIETIES. 

The  purchase  money  is  to  be  obtained  by  the  sale  of  bonds  of  the  EX- 
ECUTIVE CORPORATION,  bearing  interest  at  four  per  cent,  per  annum, 
and  redeemable  on  six  months' notice.  Each  of  the  CONSTITUENT  SO- 
CIETIES shall  have  tbe  right  to  purchase  at  par.  and  hold  inalienably,  a 
proportion  of  ttese  bonds  corresponding  to  its  interest  in  tbe  EXECUTIVE 
CORPORATION.  It  may  hold  a.  larger  proportion  subject  to  one  year's 
call  of  the  EXECUTIVE  CORPORATION,  at  par. 

To  meet  the  expenses,  of  interest,  taxes  (if  any),  and  operation  and 
maintenance,  the  EXECUTIVE  CORPORATION  shall  assess  upon  each  of 
the  CONSTITUENT  SOCIETIES  annually,  a  sum  sufficient  to  meet  all 
obligations,  profiortioned  to  the  space  in  the  building  occupied  by  such  So- 
ciety, as  assigned  to  it  by  the  Board  of  Directors  of  the  EXECUTIVE  COR- 
PORATION. 

Other  scientific  associations  may  be  assigned  space  in  the  building  by  the 
EXECUTIVE  CORPORATION,  and  the  income  derived  from  the  occupants 
of  the  building  shall  be  used  by  the  EXECUTIVE  CORPORATION  for 
defraying  ordinary  expenses,  establishing  a  repair  and  re-building  fund  and 
the  advancing  of  engineering  arts  and  science. 


The  Board  of  Direction  believes  that  this  matter  should  now  be  presented 
to  the  membership  for  ballot,  although  the  project  is  not  as  yet  in  shape  for 
such  presentation  under  the  instructions  of  the  Asheville  Convention.  It  has 
been  demonstrated,  however,  that  a  building  with  suitable  accommodations 
for  all  the  CONSTITUENT  SOCIETIES  can  be  planned  on  the  land  selected 
and  already  secured. 

The  Board  believes  that,  in  the  interest  of  all  the  parties  concerned,  a. 
decision  should  be  reached  at  as  early  a  date  as  possible,  and  it  is  within  the 
power  of  the  Annual  Meeting  to  order  a  letter-ballot,  on  the  question  as  to 
whether  the  American  Society  of  Civil  Engineers  shall  becomeone  of  the 
CONSTITUENT  SOCIETIES  in  the  occupancy  and  control  of  the  proposed 
UNION  ENGINEERING  BUILDING. 

To  cover  this  contingency,  the  Board  has  prepared  the  following  argu- 
ments for  and  against  the  project  as  at  present  formulated,  for  presentation 
to  the  Annual  Meeting. 

•For  lexlin  (ull.  s«  Progrei!  Report  ol  ihe  Hoard  on  the  Projeti.  dated  NoYembM  tSiIi.  190J. 
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ARGUMENTS: 


IN  FAVOR. 
1.  The  Society  now  has  an  oppor- 
tnnity  to  become  one  of  four  equal 
participaats  in  a  gift  of  about  one 
millioD  dollars  to  be  expended  for  a 
modern  bnilding  adequate  for  the 
needs  of  all  four  Societies  for  many 


Such  a  liberal  and  generous  g^ift 
has  never  been  offered  to  the  profes- 
sion before,  and  such  an  opportunity 
to  secure  a  suitable  buildiag  for  a 
great  EDg:ineermg  Center  can  hardly 
be  eipecied  to  recur. 

By  the  sale  of  our  present  prop- 
erty, which  need  not  be  hastened,  a 
snfflciest  amonnt  can  he  realised  to 
cover  the  interest  of  the  Societv  in 
the  land  upon  which  the  new  building 
is  to  be  placed,  and  leave  aremainder 
for  broadening  the  work  of  the  So- 


2.  It  is  desirable  to  secure  co-oper- 
ation between  the  different  Engineer- 
ingSocieties  and  the  different  classes 
of  Engineers.  Engineers  in  different 
lines  of  work  are  not  brought  to- 
gether as  much  as  men  in  other  pro- 
fessions, and  the  facility  for  meeting 
friends  and  widening  acquaintance 
by  being  housed  in  a  common  build- 
ing would  be  of  especial  value   to 

Better  opportunities  for  individual 
intercourse  and  facilities  for  more 
frequent  exchange  of  ideas  and  ex- 
penence  mast  l>e  of  benefit  to  the 
profession. 

The  present  stage  of  civilization 
has  been  marked  by  a  great  develop- 
ment in  the  applications  of  science. 
and  its  advance  has  been  largely  the 
unrecognized  work  of  the  Engineer- 
ing Profession.    Future  progress  will 


AGAINST. 

i.*A  professional  Society  should 
not  accept  a  gift  under  conditions 
which  may  in  the  future  hamper  its 
independence  and  usefulness. 

It  is  believed  that  a  greater  sense 
of  responsibility  is  prcSuced,  and  a 
greater  pride  engendered,  if  the 
members  of  any  organization  feel 
that  its  support  depends  entirely  upon 
themselves. 

On  the  assumption  that  the  Engi- 
neering Building  will  cost  ti  ooo  ooo, 
the  increase  of  nominal  assets  of 
this  Society  will  be  about  $250000. 
As  against  this,  the  Society  will  be 
deprived  of  exclusive  control  of  the 
property  it  occupies,  both  as  regards 
Its  management  and  the  possibility 
of  a  change  of  investment. 

The  ownership  will  be  inalienable 
and  indivisible,  and,  with  the  control 
of  the  property. will  be  in  thebandsof 
the  EXEt;UTlVE  CORPORATION, 
in  which  the  Society  will  have  butone 
vote  in  four.  It  is  to  be  carefully 
considered  whether  the  rain  is  eui- 
Gcient  to  compensate  for  the  sacrifioe 
of  independence  and  individuality. 

t.  In  the  practical  operation  of 
lar^e  buildings,  the  several  doors  of 
which  are  occupied  by  different  fami- 
lies or  business  Urms  or  associations 
of  individuals,  experience  does  not 
always  show  a  gain  in  social  or  busi- 
ness affiliations  or  intimacy  between 
the  several  tenants,  simply  because 
of  their  proximity. 

There  is  no  precedent  for  antici- 
pating a  beneficial  result,  in  this  re- 
spect, from  the  occupation  of  differ- 
ent floors  of  a  large  building  by 
different  Societies  of  Engineers,  each 
desirous  of  preserving  its  individual- 
ity and  increasing  its  membership. 

The  prestige  of  the  Profession  of 
Civil  Engineeting  cannot  be  enhanced 
by  the  collection  in  one  building  of 
a.  number  of  separate  organizations 
with  different  requirements  for  mem- 
bership. 
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perhaps  be  even  more  marked,  and 
the  profession  of  En^Deering  should 
take  its  place  as  one  of  the  most  im- 
portant agents  in  the  advancement 
of  civilization  and  the  development 
of  the  country.  It  is  urged  that  this 
project  will  aid  in  accomplishing  this 


Joint  occupancy  and  contiguity  of 
the  several  organizations  in  a  com- 
modious Engineering  Building,  cen- 
trally located,  would  tend  to  the 
unity  and  strength  of  the  Engineer- 
ing Profession  as  a  whole.  The  pres- 
ent tendency  is  toward  sptecialisa- 
tion.  and  hence  a  segregation,  which 
is  to  be  deplored,  and  which  a  closer 
association  would  do  mach  to  coun- 


3.  Our  present  buildinj^,  while  ade- 
quate for  ordinary  meetings  of  the 
Society,  is  inadequate  in  some  re- 
spects for  the  requirements  of  the 
Annual  Meeting— the  principal  oc- 
casion when  non-resident  members 
visit  the  Society  House.  There  is  no 
proper  accommodation  for  giving  a 
luncheon  on  this  occasion,  unless  the 
BusinebS  Meeting  is  held  elsewhere; 
and,  with  the  rapid  increase  in  mem- 
bership, these  conditions  will  grow 
worse  from  year  to  year. 

The  new  building  will  give  much 
more  space  and  belter  accommoda- 
tions both  in  the  business  offices  and 
the  auditoriums;  and  ample  space  for 
a  very  largely  increased  membership 
in  all  the  organisations.  A  large  au- 
ditorium, with  seating  capacity  for 
one  thousand  persons,  and  two  or 
three  smaller  ones,  with  seating 
capacity  for  200  to  400  each,  wUl  pro- 
viae  for  all  meetings.  Suitable  provi- 
sion can  be  made  for  the  convenient 
service  of  luncheon  on  any  occasion. 


AGAINST. 

It  cannot  be  regarded  as  unques- 
tionable that  a  greater  intimacy  be- 
tween the  several  Societies  would  be 
mutually  beneficial  by  developing  a 
deeper  professional  spirit. 

The  eitperience  of  the  Inslitntion 
of  Civil  Engineers  of  Great  Britain 
indicates  that  a  certain  amountof  ei- 
clusiveness  and  conservatism  engen- 
ders in  the  members  pride  in  the 
organization  and  solicitude  for  its 
welfare,  and  begets  in  the  public  a 
reliance  upon  its  character,  which 
might  be  jeopardised  by  such  an  as- 
sociation with  other  organisations 
having  different  histories,  aims  and 
traditions. 

If,  as  may  well  be  feared,  joint  oc- 
cupancy of  a  common  building  should 
give  rise  to  dissensions,  the  result 
would  be  a  loss  of  prestige  instead  of 
again. 

3.  The  present  house  of  the  Society 
is  a  four-story  and  basement  baild- 
ing  of  fine  architectural  appearance, 
planned  and  built  expressly  for  it. 
on  a  joo-foot  street,  atljacent  to  two 
churches,  and  opposite  to  an  impos- 
ing Fine  Arts  Gallery.  It  is  fully 
at^quate  to  ^1  the  present  needs  of 
the  Society  ezceptmg  only  on  tbe 
occasion  of  the  Annual  Meeting, 
The  business  offices,  library  aod 
reading  room,  will  be  ample  for  a 
considerably  increased  membership. 

When  more  space  Is  requited  two 
or  three  more  stories  can  be  added. 
or  adjacent  property  can  be  acquired, 
when  this  becomes  necessary.  The 
present  property  is  nearly  paid  for, 
and  the  regular  annual  surplus  of  re- 
ceipts over  expenditures  is  steadiiy 
increasing;  there  can  be  no  doutit 
that  the  Society  can  make  these  en- 
largements or  acquisitions  whenever 
needed. 


b,  Google 


ANN0VNO81IBHT8. 

ARGUMENTS; 


The  advantases  to  be  gained  by  the 
commoD  use  of  auditoriums,  reading 
rooms,  etc,  could  probably  be  ob- 
tained at  less  cost  of  maintenaDce  and 


expenses  may  be  partially  defrayec 
hj  renting  office  space  and  audito 
nnms  to  other  scientific  organization!, 
without  interference  with  the  work  of 
the  CONSTITUENT  SOCIETIES. 

This  feattire  may  be  of  considera- 
ble importance  until  by  increase  of 
membership  tlie  space  becomes  neces- 
sary for  the  use  of  the  CONSTITU- 
ENT SOCIETIES,  and  when  this 
occurs  the  Societies  will  be  so  strong 
that  the  burden  will  be  insignificant. 


AGAINST. 


The  experience  had  in  the  manage- 
ment of  nieh  buildings  in  New  York 
and  elsewEere,  is  to  the  effect  that 
the  cost  of  operation,  per  square  foot 
of  floor  space  occupied,  is  very  much 
greater  in  a  ten-story  building  with 
elevators  than  in  a  four-  or  sii-  story 
building  without  elevator  service. 

It  is  the  opinion  of  experts  in  the 
management  of  buildings  that  the 
expense  to  this  Society,  by  becoming 
a  participant  in  the  management  <3 
the  proposed  building,  would  be  very 
greatly  in  excess  of  its  present  expend- 
iture for  operation  of  its  own  ouild- 


It  is  doubted  that  a  building  for  a 
home  for  the  several  societies,  ten 
stories  or  thereabout  in  height,  giving 
adequate  architectural  effect  for  suit- 
ably impressing  the  general  public, 
and  creating  a  pride  of  ownership  in 
the  minds  of  the  members  of  the  sev- 
eral societies,  can  be  built  on  the  pro- 
posed site,  on  a  narrow  street,  in  the 
middle  of  a  nine  hundred-foot  block, 
likely  to  be  occupied  by  business 
buildings  of  greater  height. 

At  some  future  date,  even  with  the 
proposed  liberal  allowance,  the  space 
in  the  proposed  building  wiU  become 
inadeauate  (or  one  or  more  of  the 
CONSTITUENT  SOCIETIES;  all 
will  certainly  grow,  but  ihe  probabil- 
ity is  that  some  will  grow  at  the  ex- 
pense of  the  others.  In  this  case  the 
proposed  Engineering  Center  will  be 
woken  up,  as  there  will  be  no  room 
for  further  expansion,  and  there  is 
sure  to  be  diversity  of  opinion  as  to 
which  shall  go  and  which  shall  stay. 
This  emphasizes  the  objection  to  join- 
ing in  a  project  which  makes  no  pro- 
vision (or  growth,  or  readjustment, 
beyond  a  c^tain  limit. 
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4.  The  collection  of  the  libraries  of 
the  various  Societies  ia  one  building 
would  facilitate  g^reatly  making  re- 
searches, and  would  result  in  econ- 
oni]^  of  time  and  efficiency.  Each 
Society  would  retain  control  of  its 
own  books,  stored  in  separate  stacks. 

Each  Society  could  maintain  and 
increase  its  library  with  no  less  free- 
dom than  if  it  occupied  a  separate 
building. 

A  common  reading  room  would 
serve  for  all. 


5.  The  new  building,  centrally 
placed  between  the  two  ^reat  railway 
terminals,  and  near  the  botel  district, 
will  be  more  convenient  to  non-rest- 
dent  members,  particularly  to  those 
leaving  on  late  trains. 

ldir_ 
nearest  Subway 
Station;  3  loa  ft.  from  the  Grand 
Central  Station  ;  3  100  ft.  from  the 
new  Pennsylvania  Railroad  Tunnel 
Station  (now  under  waj^),  that  is  to 
say,  witbin  10  or  12  minutes'  walk 
from  either  of  these  stations.  The 
6th  Avenue  Elevated  Station  is  1  270 
ft.,  and  the  nearest  East  Side  Ele- 
vated Station  is:  310  ft.  distant.  The 
Sixth  Avenue  surface  car  line  is  500 
ft.  away,  the  Seventh  Ave.  car  line  is 
J  400  ft. away:  by  which  cars  the  ride 
to  the  Pennsylvania  Railroad  Station 
would  be  two  minutes;  the  Forty- 
second  St.  Crosstown  line  is  i  270  tl. 
away,  and  the  Broadway  surface  car 
line  I  000  ft.  away. 


4.  With  the  libraries  of  the  CON- 
STITUENT SOCIETIES  under  the 
same  roof,  there  will  not  be  the  s 


for 


the  c 


Eleteness  of  each,  as  the  feeling  will 
e  that  the  other  libraries,  readily  ac- 
cessible, canberelied  upon  to  contain 
all  books,  relatingto  their  specialties, 
and  it  might  seem  a  waste  of  money 
and  space  to  have  in  each  of  the  four 
libranesacopyof  the  same  book;  yet 
it  seems  desirable  to  keep  the  library 
of  this  Society,  which  is  a  general 
technical  collection,  larger  and  more 
complete  than  any  other  similar  li- 
brary in  America,  as  complete  at  all 
times  as  if  the  Society  occupied  inde- 
pendent quarters. 

In  case  of  withdrawal  at  some  future 
time,  the  library  should  be  as  com- 
plete as  if  there  had  never  been  any 
association.  It  is  probable  that  do- 
nations of  publications  would  be  re- 
stricted to  one  copy  for  the  building. 
the  several  libraries  being  considered 
as  one,  and  thus  the  growth  of  our 
Library  would  be  restricted, 

S.  The  new  building  will  be  on  a 
60-fl.  street  in  a  district  changing 
from  a  residential  U 


The  present  building  is  located  on 
a  100-ft.  street  in  a  growing  locality. 
It  is  I  000  ft.  from  the  nearest  Subway 
Station,  which  is  5  minutes'  ride  from 
the  Grand  Central  Station,  or  by 
walking  250  ft.  to  the  Boulevard  sur- 
face cars  with  8  minutes'  ride  to  the 
Grand  Central  Station,  or  by  walking 
300  ft.  to  the  Seventh  Avenue  sur- 
face cars  with  8  minutes'  ride  to  the 
Pennsylvania  Railroad  Tunnel  Sta- 
tion. There  are  live  surface  lines 
within  a  quarter  of  a  mile;  Broadway 
aooft.;  Eighth  Avenue  550  ft.;  Sev- 
enth Avenue  300  ft.;  Sixth  Avenue 
I  200  ft.,  and  sgth  Street  Crosstown 
Soo  ft.  Two  elevated  railroad  stations 
are  each  i  600  ft.  distant. 


from  all  directions. 
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The  area  of  the  lot  on  which  the 
present  house  is  built  is  nearly  one- 
naif  of  that  proposed  for  all  four  of 
the  Societies  in  39tb  St. 

The  price  paid  for  the  former  in 
1S96  was  914.48  per  square  foot;  the 

G4ce  we  are  asked  to  pay  for  the 
tter  is  $41-89  per  square  foot,  plus 
interest  to  <^te  of  occupancy. 


6.  Associations  of  Engineers  should 
be  mutually  helpful.  It  this  Society 
does  not  join  in  this  project,  the  bur- 
den upon  the  others  will  be  greater. 
We  are  all  members  of  one  great  pro- 
fession. We  should  join  hands  with 
our  brethren  who  are  engaged  in  other 
lines,  with  the  sincere  desire  that  all 
work  together  to  enhance  thestrength 
and  influence  of  tbe  engineering  pro- 
fession as  a  great  unity. 


7.  The  building  would  be  under  the 
exclusive  control  of  the  representa- 
tives of  the  four  National  Engineer- 
ing Societies ;  these  representatives 
forming  an  EXECUTIVE  CORPO- 
RATION in  which  each  Society 
would  have  an  equal  voice. 

Such  a  Corporation,  made  up  of 
the  best  men  in  the  CONSTITUENT 
SOCIETIES,  could  be  depended 
upon  to  deal  justly  with  all. 

We  should  enter  upon  the  project 
with  a  firm  determination  to  avoid 
dissensions  and  to  make  it  successful 
and  helpful. 

Possible  difficulties  should  not  deter 
us  from  joining  in  an  enterprise 
which,  with  proper  management, 
may  be  made  a  great  benelit  to  the 
profession. 


6.  This  Society  stands  for  certain 
principles  which  individualize  its 
character,  among  which  is  the  fact 
that  the  term  "  Civil  Engineers" 
used  in  its  title  comprehends  Military, 
Naval,  Mining,  Mechanical  and  Elec- 
trical Engineers.  Architects  and  Ma- 
rine Architects,  as  specified  in  its 
Constitution,  all  being  eligible  for 
membership. 

To  be  housed  in  the  same  building 
with  other  societies  in  which  different 
organizations  wouidbe  shortly  termed 
■' Civil." '-Meciianical,"'''  Electrical," 
"  Mining,"  etc.,  would  lead  to  a  re- 
striction of  the  proper  meaning  of  tbe 
name  of  this  Society  in  the  popular 
estimation,  thus  detracting  from  its 
dignity  and  destroying  its  individu- 
ality. 

7.  The  management  of  the  new 
building  will  be  in  the  hands  of  an 
EXECUTIVE  CORPORATION 
representing  all  the  Societies,  by 
which  Corporation  space  and  expense 
will  be  apportioned. 

Once  having  committed  ourselves 
to  this  project,  however,  we  would 
be  unable  to  withdraw  without  sacri- 
fice of  property,  and  would  be  obliged 
to  continue  the  affiliation  with  the 
other  Socieliea.  even  though  expe- 
riences, now  unforeseen,  should  make 
it  desirable  to  sever 


The  plan  of  occupation  and  control 
of  the  new  building  involves  an  en- 
tire and  undesirable  change  in  the 
business    management    of    this    So- 
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ANH0CNCKKKNT8, 


ARGUMENTS: 


IN  FAVOR. 

The  dancer  that  any  one  of  the 
four  great  National  Engineering  So- 
cieties may  become  unable  to  pay  its 
expenses  in  the  new  building,  seems 
extremely  remote,  if  we  believe  in 
the  continued  future  development  of 
our  country,  in  which  all  branches  of 
the  profession  of  Engineering  will 
have  an  important  part ;  but,  if  the 
extremely  imjwobable  should  occur, 
and  any  one  of  the  Societies  should 
fail  and  withdraw,  it  can  hardly  be 
doubted  that  the  others  could  suc- 
cessfully maintain  the  building. 

Nor  can  it  be  reasonably  doubted 
that  other  engineering  or  closely 
allied  scientific  societies,  would  avail 
themselves  of  any  opportunity  to 
locate  in  the  Engineenng  headquar- 
ters, whenever  such  opportunity 
might  be  offered. 


AGAINST. 


Instead  of  being  independent  and 
retaining  entire  control  of  its  prop- 
erty, as  has  so  far  been  done  wilh 
successful  results,  the  Society  ivill  be 
obliged  to  surrender  control  of  its 
real  estate  to  an  organ isation  in 
which  it  will  have  only  one-fourth 
interest,  the  remaining  three-fourths 
being  held  by  other  parties. 

The  proposed  EXECUTIVE  COR- 
PORATION is  to  enter  upon  a 
speculative  business  enterprise,  viz.. 
the  management  of  a  large  building, 
confessedly  larger  than  is  demanded 
by  the  present  needs  of  the  partici- 
pants in  the  ownership,  in  a  locality 
the  character  of  whidi  is  now  Id 
a  transition  state  from  residential  to 
business  occupancy,  with  no  great 
likelihood  of  tuture  advance  in  val- 
ues. Especially  can  no  increase  of 
value  be  anticipated  for  a  building 
designed  for  semi-public  uses,  the 
cost  of  maintaining  which  will  be 
very  great,  and  will  be  constant 
whether  it  is  fully  occupied  or  not. 

Participation  in  such  an  enterpri.<te 
is  foreign  to  the  aims  and  objects  of 
the  American  Society  of  Civil  En- 
gineers, and  should  not  be  entered 
into. 


ciety,  who  constitute  three-fourths  of 
its  membership,  and  to  whom  the 
possession  of  an  inseparable,  frac- 
tional share  of  a  large  building  will 
be  of  no  beneBt. 


of  interest,  the  others  would  face  the 
necessity  of  assuming  an  increased 
burden  or  of  losing  their  entire  in- 
vestment. 

This  Society  cannot  afford  to  enttr 
into  an  association  in  which  it  mi^t 
be  responsible  for  the  financial  fail- 
ure of  others,  without  adequate  pro- 
tection, which  has  not  yet  been 
assured.  This  seems  a  possible 
danger  on  account  of  the  present 
difference  in  the  financial  standing 
of  the  four  national  organizations. 
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^wn-l  ANNOUNCBUEHTB.  107 

The  Board  ot  Direction  recommends  to  the  Annual  Meeting  the  adoption 

of  the  following  resolutions: 

(i)  Resolved,  That  the  Board  of  Direction  be  instnicted  to  issue  a  letter- 
baOot,  to  be  canvassed  at  the  Meeting  of  the  Society,  March  ad,  1904.  on 
the  question  whether  this  Society  shall  become  one  of  the  CONSTITUENT 
SOCIETIES  in  the  occupancy  and  control  of  the  proposed  UNION 
ENGINEERING  BUILDING,  under  the  terms  outlmed  by  the  Joint  Con- 
terence  Committee. 

(«  Resolved,  That  should  a  majority  of  the  votes  cast  be  favorable,  the 
Board  is  authorized  to  proceed  in  the  matter,  provided  the  exemption  from 
laiatioQ  of  the  proposed  huilding  is  assured,  and  the  interests  of  the  Society 
are  otherwise' folly  safe-guarded. 

By  order  of  the  Board  of  Direction. 

CHAS.  WARREN  HUNT, 

Secretary. 

NlW  YoiK, 

Jancaiv  i6th,  1901. 

P«  action  Uken  at  the  Annual  Meeting,  see  p.  7a. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  January  13th  to  February  9th,  1904. 
DONATIONS.* 

CHANOE  OBAR  DEVICES. 

Showing  the  Deyelopment  of  the  Screw -Cutting  Lathe  and  the 
Methods  of  Obtaining  VariDus  Pitches  of  Threads.  Bt  Oscar  E. 
Perrigo.      Cloth,   8x6  ins.,   81  pp.,  illiis.     New  York.     I'he  Derry- 

CoUard  Company,  1903.     81.00, 

Some  tEmsaKO  tha  autbor  had  occidlon  to  rruLlce  an  examination  of  the  subject  of 
chuvre  gears  for  en^ne  lattiM  and  tbe  development  of  the  dericeB  for  this  purpose. 

reauft'^otMliBBiudy  la  now  publl>M  so  that  it  may  serve  ea  a  book  of  reference.   '  Most 
of  tSe  matter  haa  been  publLBhal  in  the  columiisof  Uachintry.    There  were  one  huttdred 


i  aiityfour  palenu"  eiamlned,  and  out  of  tbia  mass,  twenty-nioi 
iriBK  direct' ■' ' *-' —  -*—  -"■ —  '•"' —  '— 


?r  the  tiead  of  th 


bearlDK  directly  upon  tbe  change  ge&t  problem,  the  athfra  b< 

speed  devices  and  similar  loTentiona,  not  properly  cominjt  un 

ttoDOf  Ihe  change  gear.  These  tventy- nine  patents  have  been  described,  their  apeclal 
or  digtlnEuiablDg  featuree  iUustrateil  and  compared  in  a  manner  Khleh.  it  ia  hoped,  will 
be  usetu)  to  those  who  may  be  lotereeted  In  this  field  of  mechanical  development. 
There  Is  ah  Index  of  tbree  pages. 

FREE-IIAND    LETTEItlNa. 

Being  a  Treatise  on  Plain  Lettering  from  the  Practical  Standpoint 
for  Use  in  Engineering  Schools  and  Colleges.  By  Victor  T.  Wilson. 
Cloth,  9x6  ine.,  10+95  pp.,  23  plates.  New  York,  John  WilevA  Sods, 
1903.     $1.00. 

Tbe  author's  object  Is  to  cultlvatetheconceptlonthat  all  lettering  Is  design,  that  any 
matheiDatlcal  or  mechanical  attempt  at  treatment  is  entirely  Impraotlcable  Inordinary 
work.     Emphasis  Is  laid  upon  attaining  facility  In  tbe  free  slnKle-strolie  letter  used  oc 


worklngdrawinBs.by  a  careful  analysis  of  the  stroking  and  by  practieal  points  about  the 

..._™_- J -'-^— --—■m  and  an  IlloBWatlon  of  avsrlBi;- -''—'"* •■'-^■~ 

,.-.  -, jsign  of  letters,  which  It  is  hope,. 

iDlsrestUithe  studenUlKnotlntended  lo  form  part  ol  s  regular  course  of  study,  b 


handling  ot  a  pen  end  adescHpi  ion  and  an  lUuBtratlon  of  a  variety  of  styles  ft 
-1. "mi..  .u.„. .t„  J..,, .  ..» L.„t  ..  :.  t— 5'ij^  ^  gtTo: 


chooae.    The  chapter  upon  tbe  design  ot  letters,  which  It  is  hoped,  i 

, . ..  ... J,...  ii  not  Intended  to  form  part  of  B  regular  c , . 

»  only.    FootnolSH  have  been  added  to  a  number  of  tbe  plates. 


„ r  lenot^d  about  them,  alBo  reference*  are  pnniej  under 

each  plate,  covering  all  the  places  in  which  each  is  dlscuaaed  In  tbe  text.  The  Contents 
are^  The  Construction  of  Roman  and  Gothic  Lelteis:  Spacing:  The  Use  of  tbe  Pen  and 
Olf-hand  Lettering:  Design  of  Lines  and  of  Titles:  LetteiTng  for  Various  Technical 
Puipoees.  Including  Pboto-reproduc:lon  ;  Tbe  Design  of  Lettering :  Mecbanlcal  Aids  Co 

MACHINE  DESION. 

Part  1.  Fastenings.  By  William  Ledyard  Cathcart.  Cloth,  9x6 
ins.,  11+291  pp.,  illus.     New  York,  D.  Van  Nostrand  Companv,  1903. 

83.00. 

Tbe  preface  etstes  that  rbe  mala  purpose  of  this  book  In  to  present.  In  compact 
form  (or  the  useof  the  student  anrt  designer,  modem  American  data  from  the  best 
practice  In  the  branch  of  Macb Ine  Design,  to  which  the  woik  retera.  The  theoretical 
treatment  of  the  subject  has  also  been  given;  but  thlshaa  lii^n  done  for  completonesa 
only,  amoe  that  field,  the  author  believes,  has  been  covered  by  able  writere.  The  chap- 
ter headings  are:  Shrinkage  and  Pressure  Joints;  Korew  FastenlDgn:  Riveted  Joints: 
Theory  and  Formula-;  Klvetel  Joints:  Tests  and  Data  from  Practice;  Keyed  Joints: 
Fin  Joints.    There  is  an  index  of  Ave  pages. 

AN  ELEMENTARY  COURSE  IN  THE  INTEORAL  CALCULUS. 

By  Baniel  Alexander  Murray.  Cloth,  8  x6  ins.,  14+288  pp.. 
New  York,  Cincinnati,  Chicago,  American  Book  Company.    £2.00. 

The  Contonts  are:  Integtatiou.  aProcessof  Summation;  Integration,  ihe  Inverse  of 
Differentiation:  Fundamental  Rules  and  Methods  ot  Inlegralion;  Qeometrlcal  AppUca- 

te  speclfled  booku  In  this  list  have  been  donated  to  the  Library  by 


the  publishera. 
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ACCEaSIONS  TO  THE   LIBBABT. 


Ratfoiul  Frsctloiu:  ImtloDsl  FuncUoiu:  Inletrntloiu  of  Trigo- 


liulUple  iDtegnls:  Fur- 


nometric  and  BxpoDential  FuDctloiiB:  rtucceaBive  InUvrsl . , „ 

tricaTAppUcaUoiu:  HesD  Values:  AppllcatloDa  to  Hecbanlc*:  App 


itoglitlon  by  iieana  of  Sttiiss:  fntegrmtioa  _, 

.:  iDte^TKl  CucTcai  Urdioary  Olfferentlal  EqiuKom:  Appendix.    Tbera 


MPPERENTIAL  AND    INTBOItAL  CALCULUS. 

Bj  Tirgil  Snyder  aod  John  Irvin  HutchiDBon.  Glotb,  8x6  ids.  , 
164320  pp.  New  York,  Ciacinnati,  Chicago,  Amerioan  Book  Com- 
pany.    $2.00. 

The  ConWnta  are:  PundameDlal  Principles;  DIRerentiatlou  of  the  Elenienlan' 
Forms:  SuoceniTe  DifferentiaUoD;  EipBaaion  oF  FunctionH:  Int<>rmediBte  FormR;  Hoiie 
ofVariMton  of  i>\inctloDii  of  One  Variable:  Rates  and  Differentials;  DlfterentlatloD  of 
FnDctlODBof  Tiro  VariaMecChan^  of  the  Variable:  Tauicente  and  Nonnsia:  Polar  Co- 
drdinates;  DerlTStlve  of  an  Arc,  Aiea,  Volume  and  Surface  of  Revolution:  AaympWtea: 
Detannlnatioo  of  Asymplotes:  Direction  of  BendiDK:  Pohite  of  latleiloD;  Contact  and 
CurraCnre:  Evolotea  and  Involutca:  Singular  Polnte;  Envelopes;  General  Principles  of 
Integration:  Beddctlon  Formulas:  Inleerration  of  Railonal  Practioui:  IntegraUoDi  b; 
D../; — 1._.,...  inietjtatlon  of  Trlgonometrio  and  other  Transcendental  Punctlona; 
, ,,_.  n —.  . — .,_...__j.  auccessive  Iul«)(ratfon .   There 


ELEMENTS  OP  THE  DtPPERENTIAL    CALCULUS. 

By  James  McUahon  and  Virgil  Snyder.  Cloth,  S  x  6  ins..  14-1-337 
pp.  New  York,  CiDcinoati,  Chicago,  American  Book  Company. 
i-2.00. 

The  Contents  are:  Fuadamental  Prlaclpleii:  Differentiation  of  the  Rlementary 
■ms:  Suceeselve  DUTerentiatton;  Eiponaion  of  Funt-cloriB;  Intermediate  Forms;  Mode 
rarUtiOD  of  FuncUonB  of  One  Variable;  Kalea  and  Differentials;  Determination  of 


Derivative  of  an  Arc,  A 
of  B«idlnK:  "  '  " 
Singular  Pol 


K  TaogentA  and  Narmali 


Contact   anil  Curvature;  Evo 


i:  Curve  Tracing;  ^nvelopM.    There  la 


Gifts  bai 


also  been  received  from  the  following: 

ith  Wales— By.  Commrs. 


Allen,  Kenneth.    I  pam. 

Am,  Soc.  Hech.  Engn.    1  bound  vol. 

Arango.  R.  X.    I  p(un. 

Ariz.— Agri.  Eiper.  Station.    I  pam. 

Boecklln,  Werner,  1  pam. 

Bond.  E.  A.    Bboundvol, 

BosioQ.Xass.— Fab.  Lib.    1vol. 

Britisli  Ffre  Prevention  Comni.    4apam. 

Buffalo.  K.  Y. —Bureau  of  Water.     I  pam. 

Cambridge,  Mass.— Waler  Board.    I  pam, 

Carnegie  Init.    1  pam. 

ColD.— Agri.  Exper.  Slallon.    i  pam. 

C™n.-R.  R.  Commn.    1  bounin^, 

Flsber.  EdviD  A,    I  pam. 

Fi««,  W.L.    3  maps. 

Fleuber,  Robert,    I  vol. 

Oaiulard,  J.    2  pom. 

Geographical  Soc.  of  Philadelphia.    I  pam. 

Great  Britain— Patent  Offloe.    S  pam. 

Harrod.  B.  M.    8  pam. 

H^yland.  Alexander.    1  pam, 

Humphreys.  David  C    I  bound  vol. 

bwt.of  Civ.  Engn.    Spam. 

LudloiF,  Henry  H.    I  pam. 


Metn^lltan  By.  Co.    I  pam. 


Hicbols.  Charles  H. 
Nicholson,  a.  B.    t  pam. 
North,  Edward  P.    I  bound  vol. 
Philarlelphla,  Pa.  -Mayor,    S  bound  vol. 
Philadelphia   Commercial    Museum.       ir 

Queensland— Harbours  &  Blvers  Dept.    BO 

Royal  Soc.  of  New  South  Wales.    I  bound 

San  Francisco.  Cal.— Board  ot  Supervis- 
ors,   1  bound  vol. 
Soper,  Qeorge  A.    I  pam. 
South  Eastern  Ry.  Co.    S  pam. 
Spearln  &  Preston,    I  bound  vol. 
Stone,  Herbert  E.    I  bound  vol. 


U.  S.  Commr.  of  Education.     I  bound  t( 

l',  8,  Corps  of  Engrs.    1  vol. 

U.  S,  Director  of  the  Cenaua.    I  bound  v< 

U.  S.  Nnval  ubservatory.    1  pom. 

U.  8.  Wealher  Bureau,    B  bound  vol. 

Univ.  ot  Pa.    1  pam. 

Valuf .  B.  B,    I  pam, 

Waddell.  Montgomerv.    1  pam.,  S  voL 

Worcester  Polytechnic  tust.    I  pam. 
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ACCB3SI0NB   TO   THE   LIBBXKT. 


BY  PURCHASE. 


The  Dynamo;  Its  Theory,  Design,  and  Manufacture.    Bj  C.  C. 

Hawkins  and  F.  Wallie.    Third  Edition,  Bevieed  and  Enlarged.     New 
York,  The  Macmillan  Co.,  1903. 

Electric  Traction.     A  Practical  Handbook  on  the  ApplkatloD  of 

Electricity  as  a  Looomotive  Power.     Bj  John  Hall  Rider.     London, 

Whittftker  &  Co.,  New  York,  1903. 

Handbook  of  Electrical  Laboratory  and  Testloc  Room.    B?  J.  A. 

FlemiiiK.     Vol.  II,     New  York,  D.  Van  Noetrand  Companyi  London, 
"  The  Electrician  "  Printing  and  Publishing  Companj. 


The  Steam  Turbine.  Bj  Robert  U.  Neileon.  Second  Edition,  Bc- 
viBcd  and  Enlarged.  Longmaoe,  Oreen,  k  Co.,  London,  New  York  and 
Bombay,  1903. 

By  Wm.  H.  Booth.     New  York, 

Machine  Design.     Part  II.     Form.  Strength,  and  Proportlona  of 

Parta,  By  Forrest  B.  Jonea.  Third  Edition,  EeTieed.  New  York, 
John  Wiley  &  Sons;  London,  Chapman  i.  Hall,  Limited,  1904. 

Technical  Mechanics.  By  Edward  B.  Manrer.  New  York,  John 
Wiley  &  Sons;  London,  Chapman  ft  Hall,  Limited,  1903. 

A  Treatise  on  Friction  and  Lost  Work  In  Machinery  and  Mill- 
work.  By  Bobert  H.  ThutBton.  Seventh  Edition.  New  York,  John 
WUey  ft  »on»;  London.  Chapman  &  Hall,  Limited,  1901. 

Die    Entwlckelung    des    Nlederrhelntoch-Westfallschen    Steln- 

kohl  en -Berg  banes  in  der  zweiten  Halfte  des  19.  Jahrhnnderts.  HeiaOE- 
gegeben  vom  Vereln  fiir  die  bergbauliuhen  Interessen  im  Oberberg- 
amtsbezirk  Dortmand  in  Oemeinscbaft  mit  der  Westfiilischen 
Berggewerkschaftskasse  und  dem  Rheinisch-Westfalischen  Kohlen- 
syndikat.    Vol.  3-6,     Berlin,  Julius  Springer,  1902-^3. 

Ore  Dressing.  By  Robert  H.  Richards.  2  vol.  New  York  and 
London,  The  Engineering  and  Mining  Journal,  1903. 

Infection  and  Immunity,  with  Special  Reference  to  the  Preven- 
tion of  Infections  Diseases,  By  George  M.  Sternberg,  G.  P-  Put- 
nam's Sons,  New  York  and  London,  1903. 

Industrial  Uses  of  Water.  By  H.  De  La  Com.  Translated  from 
the  French  and  Revised  by  Arthur  Morria.  London,  Scott,  Qteen- 
wood  4  Co. ;  New  York,  D.  Van  Nostrand  Co.,  1903. 


SUMMARY  OF  ACCESSIONS. 

January  13th  to  February  9th,  1904. 

Donations  (inclnding  IS  dnplioates) 168 

By  purchase 18 

Total 176 
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HBHBBBSHIP — ADDITIONS. 
MEMBERSHIP. 


Baiu>,    Howabd    Cabtkb.      Prin.    Asst. 
Pbceuix  Iron  Co.,  Pb<eDiivi11e,  Pn. . 


^      <  A8B0C  M. 

"  ■  (  M. 


ADDtnONS. 

D&teot 

HemberHhlp- 

Jnne   6,  1893 

Oct.     6,  1898 

3,  1901 

Hbwb,  Tnan.  Bbhkt.    Care,  Leoinson  A  Just,  138  West  43d 

St,  New  York  City Feb.    3,190* 

Hdsbbll,    Ci.iBMHOi    WiLLUM,    CIt.    EogT.    torJoii.  May  31,  189^ 

Board    of  Water  Gominrs.,   333   Jefferaon  'j  Assoc.  M.     April  1,  1900 

Ave..  Detroit,  MioL (M.  Jan.     6,1901 

X.TOK,    Hknbi   Llotd.     Depntj    Water    Commr.,  Honicipol 

Bldg.,  BuffiUo,  N.  Y F«b.    3,1901 

MiLLM.   Eddou-h    Philip.     141  Eaut  40th    8t,  l'^'"'-  '""■    "■  ^^ 

NewYorkCit, JA«»c.M.     AprU   7,  1897 

'  I  If.  Jan.     6,  1904 

SoBB,  Fi.aBiui  Oui.     FarmerK  Bonk  Bldfi.,  Pitt«barg,  Pa...     Dec.     3,  1903 
S1.1BPBS,  Obobob  Edwabd.    p.  O.  Box  3196,  Boston,  Mass. . .     Feb.     3,  1904 

SouDKB,  HuBiBOM.    443£  Ssnsom  St.,  Philadelphia,  Pa  Jan.     6,  1901 

Thomson,  BKam»x.D  Hbbbb.     City    Engr.,   701  Tealer  Way, 

Seattle,  Wash Deo.    3,  1903 

Zimi,  QioBos  Abtbub.    Mnj.,  Corps  ol  Engre.,  U.  8.  A., 

U,  8.  Engr.  Office,  Wheeling,  W.  Va Feb.     3,  1901 


AnoATK,    FBBDimcK     WnmnR.     Snpt.    for   Fonndation    t 

Contr.  Co,,  Omaha,  Nebr Jan.     g^  1904 

BoABDMAN.  Haboui  Rbbrbdbnk.     ABtoc.  Prof.  ot  CiT.  Eog,, 

Dnir.  of  Maine,  Orono,  Me Feb.    3,  1901 

BoBBowia,  Habbi  Oilbsst.    B«h.  Ener.,  Atlantic  { 

ATS,   Impvt.,   L.  I.  E.  E.,  6  Hanson   PI.,  ^ ""•■  ^P'"   2-  IMS 

BrookIrn.N.r ;  |  Absoc.  M.     Feb.     3.1901 

CuBB,  Edwabd   Cotmah.     (tjwiDburne  ft  Clark),    166  Fifth 

Ave.,  New  York  City Feb.     3,  1904 

Cmninias,  Noab.    Aest.  Engr.,  Dept.  of  Bridges,  (  Jan.  Har.    3,  1896 

213  West  136th  St.,  New  York  City )  Assoc.  U.     Jan.     6,  1904 

DowNsa,  Aubbd  Eivbau.     71  Broadway,  New  York  City . . .     Feb.     3.  1904 

FOI.I.BB.    AnPBBw    Daniel.      Cons.    Etnd    Contr.  I  Jnn.  Dec.     6,  1898 

Engr., 3HamiltonPl.,  Boston,  Maes,..,.,  t  Assoc. M.    Jan.     6,  1904 

Fulub,  Casl  HAMn.TON.  L.  Schreiber&SousCo. 
(Bes.,  SnOfi  Bevis  Ave.,  Station  H),  Cincin- 
nati.  Ohio 

Sbu-t,   WrujAM,     lit  Lieut.,   Corps  of  EogTB.,   U.   8.   A., 

V.  8,  Engr.  Office.  New  London,  Conn Feb.    3,  1901 

Tfm»n.i.,  OaoEN.     78  Sontti  10th  St.,  Brooklyn.  N.  T Feb.     3,  1904 

Bainbow,  John  Bowobtb.    43  West  36th  St.,  New  York  City.     Jan.     6,  1901 


Jon.  Mar.     6,  1901 

AsBoc.  M.    Feb.    3,  1901 
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Date  of 
Hemberflhlp. 
BoiniDMT.  EvQBNi   pBBOBNBiv.    Asst.   HjdrogTaphsT,   U.   S. 

Geological  Surrey,  39  West  St.,  Dtlca,  N.  T Jan.     6,  1904 

Smith,  Edoix  Hitkbicz.    Engr.,  R7.  AppIiaDoes  Co.,  1176 

Old  Colony  Bldg..  Chioago,  111 Dec     3,  1903 

Tbombon,    ALmiiNDBB,    Jr.     Asat.   Engr.,   Rapid  1  ^^ 

Transit  Comm.,  4  Court  8q.   (Hea.    aSlaH'"^  ■   .     tT?'     *'  ^*" 

Q«ino,SM,Br;,klyn.N.r... ]  Abboo.  M.     Feb.     3.1904 

VntTON.   Thouab    UaoIntibb.    Secy,  and  Treae..  Tnoker  A, 

Vinton.  158  Fifth  Ave.,  New  York  City Fob.     3.  1904 


OoLDiHo,  John  Fbihob.     Fres.,  Expanded  Metal  Eug.  Co.. 

2S6  Broadway,  New  York  City Feb.     3,  1904 

nPHIOBB. 

Anthont,    Waltir    Lobino.     Care,   R.   B.   Tingley  Co.,   76 

Weitminster  St..  ProTidence,  R.  I Jan.     6.  19U 

FiacHEH,  Gunj-KKBio  GuBTATo.  1534  I  St.,  N.  W.,  Washing- 
ton, D.  C Feb.    2.1904 

Howss,  Ralph  Holt.    36  East  28tb  St.,  New  York  Ci^ Feb.    3,  1904 

Leaik,    Bocdinot  Gaoe.    Gen.  Office,  C,  R.  I.  ft  G.  Ry., 

Fort  Worth,  Tei  Jan.     5,  1904 

Ploobted,  Waltbb  Jobh.     Yale,  Okla Oct.      6,  1903 

Saiebb,  Edward  Lawbehob.    Care,  P.,  N.  T.  ft  !•.  I.  R.  R., 

M  West  ailh  St.,  New  York  City   Feb.    2,  1904 

TvNSTAU.,  WHrruEU,    PuoB.     Care,  Div,   Engr.,   H.  of  W., 

B.  iO.  R.  B.,  Cleveland,  Ohio Oct.     G,  1903 

WAJ.TEBS,  Hbhbt  Badcliitk  St.  Abtahb.  EuffT.  and  Chf. 
Draftaman,  Tbe  Onerber  Enf;.  Co.  (211  S.  New  St.), 
Bethlehem,  Pa Oct.     6.  1903 

RESIQNATIONS. 

Dateot 

RedgiiallOD. 

Jackson,  Robooe  Bbadbcbt Dec.  31,  1903 

Natwjb.  Ezra  Booth Deo.  81,  190! 


DbFobest,  Gboboe  Thoufson Elected  A^BOciate  Member,  December  lib, 

1895;  died  Jnly  25,  1901. 
RoesNzwBia,    Alpbid  Elected  Jnnior,  June  7llt,  1862  ;   Membet, 

Jannary  4th,  1893  ;  died  January  13th, 
19U4. 
Smith,  Benjakik  Bdboh Elected    Member,    NoTember    7tb,    1888: 

died  February  Tth.  1904. 
Tayixjb,  Sblwin   Mellon Elected  Member,  Ot^tober  7th,  1903;  dirf 

January  35th,  1904. 
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MONTHL.V  LIST  OF  RECENT  ENOINBERINQ  ARTICLES  OP 
INTEREST. 

(January  13tli  to  Febrnary  8th,  1904.) 
Sqtb.  —  This  list  is  published/or  lh«  purpose  of  placing  b^ore  the  membert 
i^the  Society  the  title*  of  current  eiiffineering  articles,  which  can  be  re/erred 
to  in  any  avatlabie  engineering  library,  or  can  be  procured  by  addressing 
the  pubiication  directly,  the  address  and  price  beiiig  given  wkertvtr 
poMible. 

LIST  OP  P 


(1)  Journal.  Ataoc.  Enir.  Soo.,*67  South 
Fourth  8t..Pbll»delpbla.  Pa..  80c. 

(a)  Proceeding!.  Enfra.  Club  ol  Phll»., 
1I9£  Qlrard  St.,  Pblladelphla,  Pa. 

(3)  Journal.    FrantllD    Inst.,    PhUadel. 

phia.  Pa..  50c. 

(4)  Journal.  Weitem  3oc.  ot  Engn.,  Mo- 

uadnock  Block.  Chlcaeo,  ni. 
(»)  7VQn*Ktioo»,  Can.  800.  C.  E.,  Hon. 


(*>S 


to/ Mine 


UnlT..  New  York  Clty.l 
•n.,1 — I -^larlertii,  M_. 


(7)  TerAnologtt   Quarlerty, 

Tech.,  BostoD.  Man.. ... . 

(S)  Stmnt  ImlUule  Inditaloi,  Stereoa 
Inst..  Hoboken,  N.  J„  fiOc. 

<n)  XtufitietTing   Maaatine.   New   York 
City.  asc. 

10)  Cattier'i  Magaiine,  Hew  York  City, 


(11) 


Bnglntering  C 
Sew  York  C 
■  a)  The  Enaineeril,ondoD),liit 
News  Co.,  New  York  C11 


:,  WilBy. 


(■6)  EntrinetHTig  and    Mini 
Hbw  York  City.  16e.. 


(17)  a 


I  Ralticav  J< 


lly,  sac. 
York  City. 

,  New  York 

York  City, 

R0  Journal, 

I,  New  York 


City,  HBc. 
(18)  Badaau  and   En^netrint   Rtiiea, 

Chicago.  HI..  lOc. 
(■9)  Seitntifie  AmencanSvpplemtnt.Ktm 

York  City,  lOc. 
(»■)  Iron  Ask,  New  York  City,  10c. 
ill)  Railaaa    Enoinetr,    London.     Eus- 

biad.  use. 
(3a)  Iron  and  Coal  IVadtt  Bevieu!.  Lun- 

dod.  EnslaDd,  ESc. 
(ai>  Builetin,  Americao  Iron  and  Siael 

Amoc..  Philadelphia.  Pa. 
(34)  Ameriatn   Oat  Light  Journal,  New 

York  City,  lOo. 
(ag)  American  Ungineer,  Now  York  City, 


(38)  Journal, New  Eoe-laDd  Water-Works 

imoe.,  BonoD.  SI. 
lap)  Jotimal,  Society  a(  Arta,  London, 

Eogland,  I  Be. 
(a«)  Annalet    det    Travaux  Publici  de 

Betaiqve,  Brnaaels,  BelEiu™. 
(ai)  Annala  del'  Attoc.  det  Ing.  Sorlii 

det  EeoU  Svicialei  de  Oand,  Bma- 

mIs.  Belrlam. 
(S>)  Mimoira  ei  Comple  ReTuiti.  det  Tra- 

mux,  80c.    IDK-   ClT.   de  Franoe, 

Paris,  France. 


».  ?«rl8.  France. 

I  ton.  Paria.  France, 
(36)  La  fffruerecftniouf.  Paris.  Franoe, 
(3J)   Revur.de  Micanique.  Faiii.Vnact. 
(jii   Bevue  Ginirale  de»  Ckemina  dt  Fer 

el  den  Tramtrayt.  Paris.  France. 
(39)  Railuyay  Maitir  Mechanic.  CUcaRO, 

111.,  sSc. 
Uo)  Aailu'iiv.lDe.Chicagp.  III.,  10c. 
(41)    Modern  MocAinery.ChtcaKO,  III,,  10c. 
,.^,   „i. .,,_.  ■—■--•  Klec-Knum., 


(43>   Annatei    del    Pontt 

(44)  Journul.  unitary  Serylee  losUtu- 
Mod,  aoTemor'B  Island.  New  York 
Harbor,  EOc. 

<4B)  Uineiand  Uineralt,  Bcranton,  Pa., 

(46)  Scien(t:;le^meHcan.  NewYorkaty. 

(47)  Mechanical  Enirineer.    Uanchester, 

England. 
(84)  Tramactiont,  Am,  80C.  C.  E.,  New 

York  City,  »■ 
{88)  rranweliom.  Am.  Soc.  M.  E„  New 

York  City.  JIO. 
(8«)  Tramactiom.  Am.  Inst.  Mlu.  Engrs., 

New  York  City,  tS. 
(87)  CoK.frtfOuordian, London. Eneland. 
(aS>  Proceeding!.  Kng.    80c.    W,  Pa.,  410 

Penn  Ato,,  PlttsburR,  Pa..60c. 


Und,L 

>)  jifuntcipilt   Engi 
oKs,  tnd..3Ec. 


.,  Mfnin. 


WorW,  as  Ninth  St , ,  Plttsbarg.  Pa 

(63)  MInutet  of  Proceedingi.  iQSt.  C,  I 

London,  Envland 

(64)  J^nMr,  New  York  C 
(6a    Omcial  Fracfeding ., 

road  Club,  Broofilyn.  N.  Y 

(66)  Journal  0/  Gat   Lighting,  Londoa, 

EaelBDd,  ir«. 
{67)  Cemenf  and  Engineering  f/ewt,  Chl- 

caeo.  UL.aSc. 
(6B)  Mining  Journal.  Londoa,  England. 
<6o)  .WiJI  Ov-nera.  New  York  City.  KIc. 
(70)  Ea^aeering  Rerieu:.  New  York  City, 

(71,'  Journal.  Iron  >udSt«ellDBt., Londoa. 

England. 
(73)  ElecMcian.  London.  England.  18c. 
<T4)  Traneactiam.     Inst,    of    Mln.    and 

Metal.,  London,  England. 
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LIST  OP  ARTICLES. 

Bridge. 

DeOectlons  ol  Beama  nitb  Variable  Uoments  of  Inertia.     C.  W,  Hudaon.  H,  Am.  8oc. 

C.  B.    (s«>  Vol.  Bl. 
Loadings  lor  Railroad  Bridges.    An  Inlormal  Discussion.    (a4)  Vol.51. 
nie  Asumllallon  of  Balliray  Practice  in  Respect  of  Loula  on  Bridges  up  to  tOO  Feel 

^an.    Alexander  Etoss,  U.  Insl.  C.  E.    (63)  Bup..  Vol.  IM. 
An  Ifousnai  Bridge  Accident.*    113)  Jon.  14. 
Beinforcal  Concrete  Arch  Bridge  over  the  Yellowstone  River,  Yellowstone  NatiaiHl 

Park.*   H.  H.Chittenden:    (131  Jan.  U. 
"      "■■  aiosburg  Bridge  Towers.*    rM)J«n.lrt. 

tr  Bridge  wlUiout  a  Buxpended  Spat 


DetaiU  ot  Uie  WOUaiiDsburg  Bridg 

*  the  Brooklyn  Bridge  ,*~(ReiM)rt  by  0 


jint  Biid- „, 

ConoroteArchBrldgewlih  6p«idrll  Relieving  Arches.*    (la)  Jan.  M, 


Tbe  Point  Bridge  at  Pittsburg.  Pa,,  which  Muot  Be  R 

" '-jhErldgewlIh  6p«idrllRelleTlng Arches 

Bridge  across  tiie  East  River.*    (46)  Jan.  88. 
Tnenewmone  Arch  Bridge  of  Ms  Ft.  Span  at  Plauen,  Saiony.-    (ij)  Jan.  b>- 
Tlie  Dea  Holnes  River  V&duct  of  the  Chicago  QrcBt  Weatrm  Railway .*    (14)  S^rtal 

beginning  Jan.  SO, 
Types  ot  Concrete  Steel  Arch  Bridges.    Daniel  B.  Luten.    (Paper  md  before  Uie  Indiana 

if  the  Globe  Island  Bridge,  Sydney.  New  South  Wales,*     Jolin  Plaminer. 

Strain  Sheet  and  Specifications  for  a  Fonr-Truas  Double-Deck  TUllnnd  Bridge.*    (i4> 

Feb.  e, 
LePontTroitskyaurlaNfiva  ASalnt  Petsrsbourg,*    P,  Bodin,    (33)  Jan.  SS. 
electrical. 

Wireless  Telegraphv.    Edmund  A,  N.  Pochln.    (63)  Sup..  Vol.  IM. 
TranamlBslon  and  Dlstributloa  by  SIngle-pbass  Altemaung  Current.    E.  W.  Honkbouse, 

Tbe  CompsrstlTf 

Loads.'    Lanur  Lyndon,    14>l  Nov, 
The  Electrical  Conductivity  ot  Commercial  Copper.*    lAwrenoe  Addiolra.    (43)  Nov. 
Electricity  In  the  Bottle  Industry.*    K.  M.  Hopbas.    («o)  Jan. 
=*"■—-  ''-rough  Council  Electricity  Works.*    (»al  Jan.  " 
System  of  Magneto  Ignition  for   Inf ' 

The  Loc^liation 


>lon  System  of  Magneto  Ignition  for   InCeroat  Combuatlou  Bngines.* 

...dilation  of  Breaks  in  Subm 
illDC  Hill  DlrecUy  Driven  by  El 
<r  i%tentiometer,    W.  Clark  Fl 


lier.    (73>Jan.l6, 

.T  or  Master  Switch  for  Central  Stations.     W.  U,  Tbomton.      (73) 

Swindon  Corpontlon  Electricity  Supply  Works.*    (16I  Jan.  IB, 

EletrtricltylnaColtonUUi.*    ist.)Jan.l5. 

Testing  Large  Alternators.    W.  E.  Burnand.    (7.1)  .fan.  IB. 

A  CrUTcsl  Renew  of  Electroatriction.    Louis  T.  Uore.    (17}  Jon.  Ifl. 

Blockmann  Radlo-Telegntph  System.*    A.  Frederick  Collins.     1>7 1  Jan.  it. 

Heaanrement  ot  Currait  by  Copper  Voltameter.    J.  L.  DIckaon.    (37)  Jan.  16. 

Blngle-Pliase  Condeaser  Motor,*    (a?)  ' 

.n... -, ...... ^      R.S.Hale.    ( 

(as  Testa  aoroMtfc .,-, 

Itle  Telephone  Syalem,*    (17!  Jan.  IB. 

e  Blocks  tn  Manhole  Construction.'     Hugh  C.  Baker,  Jr.    (ij) 

Lamme'ii  Single-Phase  Motor  Patent.    (73I  Jan.  SB. 

Electric  Power  in  Queenslana  Railway  Workahope.*    (731  Jan,  8S. 

On  tbe  Magnetic  Dispersion  In  Induction  Motors,  and  Its  Influence  on  tiie  Deaign  ot 

These  Mschinea,     Hans  Behn-Esctienburg.    (Abstract  of  Paper  read  before  th« 

Inat  of  Elec.  Fngrs.)     I73)  Serial  beginning  Jan.  ££. 
Three-Phose  Working  with  Special  Reference  to  the  Dublin  System.*    WUlInm  Dre», 


A  Method  ot  Photographing  Alternating-Current  Wave  Form-*    C.  J.  Spencer,    laj) 

Cool  C^onsumption  in  Central  Stations.    Alfred  S,  OUee.    (Abstract  of  Paper  read  before 

the  tost,  ot  Ele;.  Engrs.  I    (73)  Jap.S2;  147)  Jan.  S8, 
The  Cboloeof  Air  Gap  Diameter  ^rlnducUon  Motors.    H.  M.  Hobart.    (37)  Jan.  ». 
The  Electric  Drive  as  Apnlied  in  a  Modem  Hachioe  Shop.*    (171  Jan.  «S. 
The  New  Automatic  Telephone  Exchange  at  Grand  Haplda.  Mich.*    Edward  J.  Batt, 

Electrical  Fo'ucault  Pendulum  Systems.*    Ernest  K.  Adorns.    (17)  Jan,  aO, 

Electric  Heating  Equipment  of  nUodem  Hat  Factory.*   Mai  Loewenthal.    (>7)  Jap.at. 
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HoddiuB'a  Preparmeot  Electrlcltr  HeMr.*    (47)  j 

The  Sliklrau  Pomr  TnuumlaBUm.*    <>T)  3aa.  tO. 

The  iDdtrMiul  AppUothm  of  BlecUic  Hotora  to  HaohlneiT-  *ltl>  Rule*  lor  DeWnnUt- 

Ing  Uw  Sl»  M  Notoni.    WlUUm  Cooper.    <i«)  Feb. 
CooMnicUon  and  MalDteDanoe  ot  Electric  Wire*.    (AbMnet  ol  FBpar  rMd  before  the 

Amer.  Sop.  of  Hod.  ImproTenwDta.  1    (60)  Feb . 
8ooe  Electricallv  Operated  Craneafor  Rallirar  and  Harbor  Work.*  Fnmk  C.  Ferklna. 

r4il  Feb. 
Portable  Electric  Drilling  and  RlretlDg  Uacblnen.*    Frank  C.  FerklDB.    (10)  Feb. 

Drilled  mvw  Punched  Rivet -Holes  In  the  Hull*  of  Steel  Bblpa.      A.  F.  Yarrow,  H.  InK. 

C.  E.    I63)  Sup..  Vol.  154. 
!<cTew.8batta.    John  LIH,  U.  lost  C.  E.    (O3I  Sup,.  Vol.  154. 
lUrine  Propellen  with  Non.Rerervlbla  Englnea  and   InlernBl-CombuMlon  BnjriDee.* 

Rankin  Kennedy.     (Paper  read  before  the  Inst,  ot  Eagn.  and  Shipbuilders  In 

BcDtland.)    (47)  Jan.  9. 
Tim  ChmaD  Battleship  Ubertod.*    rii)Jan.lG. 
A  New  Vetbod  of  Coafins  War  Teasels  at  Sea.    (i>)Jui.SI. 
Ml  Ab-Talre  for  Reenli^w  tlie  Time  ot  PaHlag  through  an  Air  Lock;  Used  In  tbe  Kiel 

Drr-Dock  Construction*    (15)  Jan.  £1. 


Heir  JapaneeB  Armored  Cnilsera  Jtaiggand  Niatln.*    (46)  Jan.  SS. 
Tbe  HMi  &  Weiss  Two-Cylinder  Marine  Eertiaeiie  EngiDe.*    (>o)  Jan.  M. 
Freochmui's  Bay  Coaling  Plant.*    (14)  Jan.  90, 
Attaqne  et  Mftoue  dee  Cotea  au  Hoyen  dee  TorpUlea.*     H.  Noalbat. 


TMi  of  tbe  ElDcleDCT  of  HolatlDg  Tackle.     S.  P.  mtchell.  H.  Am.  Boc.  C.  E.    (94) 

nmry  ^  Cenlrirugal  Pump*  and  Fani:  Analysis  of  Their  Actkm,  with  Suggeatjoni  for 

DMkus.*    EbnoO.  Hanis,  H.  Am.  Soc.  C.  E.    (54)  Vol.  SI. 
lalenal-Combnatioo  Bnglnes  far  Drlvlnir  DynamoB.      Herbert  A.  Hiunphrey.  H.  Inst, 

C.E.    r03>  Hud., Vol.  1M. 
BpndiafOrerbeadaiidOtlieTCraneetorthBBcoaoRilcHBndUDKof Material.  Archibald 

FMter  Head,  M.  Inat,  C.  E.    (63)  (lup.,  Vol.  IM. 
SUam  TorUiMe.    Prof.  Rateau.    (dj)  Sup..  Vol.  154. 

^UKOfPetiDlHotorsforUwomotlon.    E.  Sauvage.    (63)  Sup.,  Vol.  15i. 
XBdMiilal  Draft.    J.  J.  Brovn.  M.  Am.  Soc.  M.  E.    160)  Nov. 
Modeni  Fuel  Economy.    Oeorge  E.  Walsb.    (6(ll  Nov. 
Tbe  DrlreotUachloe  Tools.*    Charles  W.  Startsman.    (601  Nov. 
Tb«  Condenser.*    J,  J.  Brown.  M.  Am,  Soc,  M,  E.    (69)  Dec. 
TbeKoderaBronomlc  Factory  LiKht.    Fred  R.  Davis,    (6«)   Dec. 
linpmed  Mechanical  SloklDB,    (««)  Jan, 

Tbe  EtoluttoD  of  the  Rotary  KUn.    Benton  O.  BolUeau  and  C.  W.  Lyon.    (OtI  Jan. 
IVHarTlabnrgEngfaieSysteni,*   (69)  Jan. 
ne  gteam  Siiperbeater.*    -  -     -  ■  -   .   - 

ibe  Hemena  Blecfaiaal  Pj 

AModeni  American  Foundry.*    ,.-, 

CoalScreenfaigand  Washing  FlsstataOerman  Colliery.*    IS7I  Jan.  B  :  (u)  Jan.  fl. 

awchant  BarHill  ol  the  International  HnrrHter  Company.*    (»J  Jan.  8. 

The  De^  of  Steam  Turbine  DIsCT,    Frank  Foster.    ii»  Jan.  R. 

Tbe  Voitt  Oaa-EOBlDe.*     Herbert  A.  Humphrey,  M.  Inst,  C,  E..  H,  I,  Mecb.  E.    (■■) 

,    Jan.  8. 

HKlCaMngs.*    Arthur Slmooson.    (47)  Jan. 9. 

naDcaiKnof  Speed  Cones.  Oean.  Ac.  for  Machine  Tools;  To  Olve  Speeds  hi  Oeomet- 

Hcal  ProgresBlon.    W.Owen.    UtI  Jan.  B. 
A  TwthCyUnder  Portable  8t*«m  or  Air  Motor,*    (»1  Jan.  14. 
BliehlCaklaePlBntof  the  Western  Brick  Co..  Danville,  nt.*    (13)  Jan.  H. 
Coaldiid  Asb  Handling  Plant  of  tbe  Nevr  York  Rapid  Traasit  Power  House,*    (13) 

Tbe  Bnwn'&ShaipeNo.S-A  Universal  MUlinK  Machine.  Motor  Driven.*    (ao)  Jan,  14. 

TtneUnKlnvertedPlllar  Crane.*    ini  Jan.  IB. 

OewOentrifunI  Pump  tor  High  Lifts.*    (19I  Jan.  IS. 

ip  ButiM  IM»-Horwpower  Airship's  Forthcoming  Trial  Trip.*    (4lt)  Jan.  IS. 

n^.l^oductlon  of  Oas  for  Oas  EDEioes*    I17)  Jan.  Ifl, 

UUe  fliauge  tor  Transporting  Marl  to  the  MlUs  of  the  Bronson  Portland  Cement  Co.* 

Tbe  Adrlance  New  Style  Drawing  Press.*    Iio)    Jan.  SI. 
Tbe  PlIllM  Air  Engine  and  Holnt.*    (»)  Jan,  ai. 

Tm  Now  MaiaihieT'ools  for  Working  Steel  Plate  and  Structural  Shapes.*    (13)  Jan.  91. 
"?!*■  on  the  Design  ot  Rolls.*    Emjl  Klrchbenr.     iFrom  Slaht  vnd  Siten.)  (aa)  Jan.  SSI. 
'•^  CoDBUmptlon  In  Centist  Stations,    Alfred  S.  OUee.    (Abstract  ot  Paper  read  before 
■wlnst.  of  Elec.  Kngrs.)    (73)  Jan.  W:  (47)  Jan.  SB. 


b,GoogIc 


b,  Google 
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e  Bl.  LonU  ExfoMtoa.* 


I)  Jan.  S3. 
!r  WMiiiigboUBe  Pm-bodb  St«am  TurbiuFw.*    r4o)  Jan.  SR. 


aGuojInsMoKHV*    J.  C.^UnKksmllh.    I47> 


TbcElectricDriveasApplledlDaModeniHschlneSbnp.*    07)  Jan.  B8. 
&  Nf V  Sourci  <4  Ecaoonrtor  Gas  Works:  Firebrick   Maldng  at  Ibe  Crystal  PaUoe 
lHi*rlclG««Compatiy- -"■--' -  -      -    '    '--   "■ 


ater  <lM  Produce™  of  the  Lowe  Type.    O.  1 
of  Cbemioal  Industry.)    {14!  Jan.  ft, 
L.  SjOnedt.    (Ml  Jan.  W. 


TheS»Di-Limt 

Adiomahllea*    146I  Jan.Bi). 

EleMrH:Pammn«  Plant  at  Mobile,  Ala.*    (14I  Jao.  30. 

rnwhmaD'B^T  Cualiog  Plant.*    fi4)  Jan.  K. 

"lalHetrtbullODby  CJaa  Ponrer.    (14)  Jan.  BO. 


■indOu.*  A,  Humboldl  Sexton.  l4T>Jaii.30. 
TkeEilisMiPorliaTdCenieii- ""—'-•  '■-■  ""-'- 
Tbe  Part)  Automobile  Show. 


Porl>aid  Cement  Works.*    (lOI  Serlalb^fnulne  Jan.  SO. 

— utomobile Show.*    (ip)    Serial  taeelnnlng  Jan.  SCI. 

Crg«le»'a  (isi  Producer  for  BHumlnous  Coal.*    <  64 1  Feb. 

Blgb-PoacrSleaniTurblnH.*    (41)  Feb.;i64^  Feb. 

Liuof  Progreaa  in  tbe  Efficiency  of  tbe  CombumlOD  Motor.*    Edward  C.  Warren,    (oi 

KccbinJcal  and  Cornmi-rcKl  Aipects  otilie  Alcohol  Motor.*    Henri  DutayB.    (a)  Feb 
Motor-Di-ifenaafbineToolii;  Raner  Driving  by  Electric  Motor*. •    lasiFeb. 
TbeHcbliCake-UrawlnB  Macblne.*    (4Sf  Feb. 
TbclbclfDacBloiTinB  Engine  at  tbe  Catumetand  Hecla  Hloee.*  Joaepb  8.  Soddy.  (64) 

Tlwl\iver  Plant  and  Mecbaolcal  Equipment  of  Apartment  Houses,    Perclval  Bobert 

CockfiiU  «as  Enelnee.*    Emile  Ouarinl.    («4i  Feb, 

iRHUrkaUe  Hiib-Speed  Fuur-Valce  EoBine.*    I64I  Feb, 

IdiiUkiDorSulpbu-maBs  Works.    (14)  Feb.  1. 

A  Sectional  Multiple  Block  Wire  Bench  •    Hol  Feb,  4, 

A  VtryLarseAutoinatic  Gear  CuttlDK  Haoblne.    110)  Feb.  4. 

SindK  Matilue  TuolB  at  rheCorUssShops,*    (»o)  Feb,  4. 

ofwUloatlonH  tor  an  Acetylene  tias  (Jeneraling  Apparatus  for  Fort  HcPherEon,  Ua. 

Ibt  iW'hampgfHiwn  Draft  Gas  I-roducer.*    (>o)Feb.4. 

Ibe  PM-kins  Air  C  *led  Cvlmder  Qas  EuBine.*    ( >ai  Feb.  4. 

Tt»  Hannracture  of  Welded  Pipe,*    Victor  Beutner.    <»)    Herlal  beKiiuilaB  Feb  I 

IFouulry  Floor  Crane,'    1 401  Feb.  S. 

Gil  EoKlnea  in  Railroad  Work.    .iaiFeb.6. 

Sinin  P^ani  ot  the  Ttleeton  A  BolllnKswortli  Company.*    r  14)  Feb.  6. 

Tht.New  Henry  B.  WortblnRton  UydtBullc  Works  at  Harrison,  N.  J.*    (14)  Serial  be- 

^nnlng  Feb.  S, 
niiPDwer  Equipment  ot  the  SackeH£  Wllbeinu  Lithographing  £  FrlntlnK  Company.* 

1141  Serial  bexlnnlng  Feb.  6. 
Tbc  Didler-Stettmer  System  ot  Inclined  Retoru  in  England.*    (141  Serial  beginning 

Tru^rleur  A6rten  etOruea  de  Mchai^tement  del'Usine  H«tallurglque  d'Elba.*    E. 

l^HoteorsaOHZ  Pauvre.    A.  Abraham,    lit)  Serial  beginning  Jan.  10. 

I'HProgrtoderAutomoblllanieen  ISCS,*    F.  Drouhi.    (jj|  SerU  beginning  Jan.  16. 

MMallnrgkal. 

AlloyBot  Iron,  Manganese  and  Nickel.    R.  A.  Hadfleld.  M.  Inst.  C,  B.    itjs  Sup.,  Vol. 

Tbe  Dannrous  Crystal'liation  ot  Mild  Steel  and  Wrought  Iron.*    J,  O,  Arnold.     (631 

Tlie  Coo'Unuou?  ProJuctlon  ol  Open-HBarth  Steel  from  Molten  Blaet-Fumace  Metal. 
_  Benjamm  Talbot.    (6j|  8up„Vol.  164. 

ibe  Eqnalliation  of  Hot-Blast  Temperatures  tor  Blaat-Furnacea.*    Joaepb  Hutchinson 
Harrison,  M.  Inst.  C.  E.  i«3l  Sup,.  Vol.  151. 


b,CoogIc 


b,GoogIc 
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I  Paper  read  before  the  PhUiuielphia  Faiindry- 

ThelfSertricSnielting'ol'lronandSI'*!.*    (»')  Jan.  IB- 

Tbeimtl:  Its  Vilar  In  Motive  Power  Repairs.    iiBl  Jan.  IB. 

Btanh  Area  and  Ihe  Number  of  Tujeru  in  Blast  Furnace  Practice,    (6a)  Jan.  2i. 

The  Ddprai  or  SkltCake  Proctm  for  Ulied  Hulpbldee.    Donald  Clarli.    ( i6|  Jan.  81. 

SIxthReptal  to  UeAUoyaRcwBTcli  Committee  oa  the  Heat  Trealment  or  Steel.   IRead 

before   the  Iiut.   Hecb.  Engra.)      (iil  Serial   beglonlng  Jan.    1!;   abstract   (ij> 

Jan.  SX. 
The  Heat  Treatment  of  Steel.'    Wm.  C.  Robena-Auatan  and  Witliaro  Oowland.    (47) 

8«f1al  beslnnlnc  Jan.  SS. 
Impraremenla  bi  (^aoidation.    Alfred  Jame*.    (lA)  Jan.  £8. 
The  Plata  HMhod  («  CalculaUng  Furnace  Burdens.    J.  B.  Nau.    (ao)  Jan.  W. 
MKaettc  AUajBor  irnmagnetlv  Metal*.    (ao>  Jan.  SB. 
A  Sen  ReheaUng  Furnace."    (ai>)Jan.28. 
Hotea  on  Cupolat  and  Caat  Iron.    C.  Horehead.    (Abstract  at  Paper  read  before  tbe 

BugbyBof.  8oc.)    (47)  Jan.  BO. 
Becent  Intenigactona  and  DlBcoierlea  Id  Caat  Iron.*    Alexander  E.  Outerbrldge.  Jr. 

U)  Feb. 
Steel  Castings.    I.  L.  Knox.    <6a)  Feb.1. 
The  Baby  Bememer  Works  and  Tbelr  Coeta.    Ludwlg  Unckenbolt.    (From  St<M  und 

Eiten.)    (6i>  Feb.  4. 
Ught  Aluinlnuai  Alloys.    {19}   Feb.  A. 

Mlolag. 

Fmntaelon  Coal-Cutters.    Sir  Tboniaa  Wrlghtaon,  H,  IdbI.  C.  E..  and  John  UorlaoD,  H. 
Inat.  C.  E.    IB.)  Sup.,  Vol.  104. 

S.^l^'l'i*.^'??^'"*."^*'"."""  ?""'*''■'    '"*  Jan.  8;  (>a)  Jao.  8. 

)   Id   Germany  and    BelglDDi.*    (gy) 

Iron  ^TntUngii  with  Cage  Guide*  on  One  Side.'    F.  Bcbulte.    (ly)  JaD.  IS. 

Aeml  TnmiraTs  as  an  Economic  Means  of  Transportation.*    Stephen  de  Zombory. 

li^pn-  read  Before  the  TransoonUnental  HIn.  c<me.)    1 19)  Jan.  It. 
^maog  Cm  or  Detonators  In  the  Laboratory.*    A.  w;  Warirlck.    (4g)  Feb. 
TV  gDnyiDK  or  Watering  Problems.   James  Aebworth.    {<g)  Feb. 
U»  veMUatkiD.    W.  J.  HolUson,    (Paper  read  before  the  Ontnil  HlD.  Inst,  of  Weateni 

Pnuiaytianla.)    (4SI  Feb. 
Hi^haaka]  Devtce*  at  Coal  Hlnee.*     L.  L.  Logan.    (Paper  read  before  tbe  Centrkl 

MIn.  Inat.  of  Western  Pennsylvania.)    (41)  Feb. 
Testing  Eiplosivee  In  Oetmaoy  and  Belgium.*    (a3)Feb,4. 


Ci^Da  Disease  a  [ 

Mlaklpal. 

In  Eumple  of  Thin  Hacadam  Boad  ConstructloD  along  tbe  CI 

_,Uberf Holmes.    (ij|  Jan.  14. 

ITweber.    iij)  Jan.  18. 

,      ,.„. 88. 

.    (Abstract  of  Paper  read  before  tbe  Hlch.  Eng. 


Albert  Holmes.    (ij|  Jan.  14. 
Flillsdslphla'B  Kew  Fire  Fighting  aervlce.*    do)  Jan.  SI. 
liUng Cement  Roadwuysiu Richmond,  lud.    H.  L.  Webe 
PtTlBg  Brick  for  Street  Railway  Track,*    (ijlJan.SB. 
TUBitulltblcPaTemenL    W.  A.  Hoyt.    (Abstract  of  Pape 

Boc.)    (60)  Feb. 
CoHTeU  Foundations  and  Cement  Filler  for  B 

Nalnral  Cements  and  Porthtnd.    O,  L.  Qearhi 

the  ItL  Soc.  of  Engrs.  and  SuneTors.)    (13)  FeD,  4. 
OondnnmagedeCbaueH^eedansleDSpartement  deSeine-el^llame.    (4])  S>  TriDieatre, 


Ooudnianage  et  Petrolage  des  Roal«s.    J,  Feugeres,    (3j|)  Berbj  beginning  Jan. 


Some  Railway  CoDstructtoD  In  Oklahoma.*   A.  O.  Allan,  Assoc,  H.  Adi.  floe.  C.  E.    (g4) 

Vol.  SI. 
Hl(li«peed  Electric  Traction  on  Railways.* 

ADWmatlc  Sigiiailing,*    WllUam  John  Cadwc 
The  DeslKn  of  PerTnaaent-Way  and  Locomc 


Vol.  SI. 
Hl(li«peed  Electric  Traction  on  Railways.*    J.  W.  Jacomb-Eood,  M.  iDSt  C.  E.    (43) 


b,GoogIc 


b,  Google 
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and  Tlde-WMer  TermliulB.*    C.  L.  Budo.    (Ag) 

Dn^ei  TalTe  <)esr.  London  uid  Tfortli-'Westoni  Railway  •    (ii)  Jan,  8. 

ElecQ-iacaUaD  ol  the  Llnrpool,  Boulhport  and  Crosanu  HectJon  of  the  Lanoashlre  and 

Yorkdilre  RaUway.'    (lit  Jan.  »:  (ij)  Jan,  80. 
Pnmlai]  ataM  Boilny  LocomoUTen.    (Abslracts  from  the  apeclflcatlouB  of  the  lYiu- 

Blan  State  Railways.)    ml  Jan,  a. 
Stfam  Hotor-Car  for  OieTaff  Vale  Railway-    (ii)  Jan.  8. 

Atlantic  Type  Paneng«r  Locomotive  for  ibe  Norui-Ea<t«rti  Railway.*    (ay)  Jan.  B. 
A  Siw  IMerlocklntc  aachine;  the  Pneumatic  BiKnal  Co.'B  All  Electric  HaidliDe.*    (13) 

Tnck  Plans  for  the  WaahlDKtDn  Union  BtatloD.*    (ig)  Jan,  15. 

Seaboard  Air  Line  Shops  at  Fortunoutb.  Vs.*    (40)  Jan.  15. 

LocomotlTe  Operation  :  A  Technical  and  Practical  Analysla.*    Q.  R.  Henderaoo.  H.  Am. 

Soc.  H.  £.    <40)  Jan.  IS. 
NewEipre88  Bnrinea  North-Eastem  Railway.*    (i>>  Jan.  IB, 
The  Ventilation  c$  Some  Continental  Tunnele.*    Ii>)    Serial  beolnQlDS  Jan.  It. 
InaallatioD  of  a  CousUln-Benfonl  Swlog-Kall  Frog  aod  awltcb  Point  Lock  on  the  1.  O. 

R.R.*    (iB)  Jan.ie. 
The  Penniylrania  Tunnel  at  New  Tort  City.*    (46)  Jao,  IB. 
Locomotive  Count«ri)alaDclD^.*    (47)  Jan,  lA- 

KeceaoD  Eariy  Canadian  Transconanental  RaDway  ProJecM.    (13)  Jao.  SI. 
A  Complete  Journal  Box.*    |iS)  Jan.tS;  Uo)  Jan.SS. 
Britjab  Looomntlve  Work  in  tIKB.    Charles  Roua-Uarten.    (13)  Jan.  Ki. 
CompoDnd  OoodB  Locomotive.  Saxony  Stale  RaitwayB.*    (i>)  Serial  bettlmilns  Jan.  tt. 
TlieSclieliilg-SormaDnBhoeRall'JolDtB.*    (ill  Jan.  U. 
Locomotlvee  for  Ibe  Cape  Clovemment  Ballwaya.*    H.  W.  HanbuiT.  Arboc  M.  Init.  C. 

"     '-OJan.  B"* 


Railroad  Car  HeatlnK  by  Steam  and  Compreeoed  Air.*    (47)  Jan.  ... 

The  Arnold  Electro-Pneumatic  Railway  System.*  B.J.  Arnold.    (47)  Serial  hegiDnlUB 

Jan.  S. 
ElectridcatloD  of  the  Nonhnateni  of  England.*    {40)  Jan.  39. 
IU)FberBraktnK[>DWPr  for  Fr«lcht  Can.    Robert  H,  Blackall.    (Paper  read  before  the 

Railway  Club  of  Pltlaburg.)    (lai  Jan.  !9, 
Heavy  Qoods  Bofliie  for  die  Beiigal-NBgpur  Railway,*   (19)  Jan.  ta. 
Tbe  Prnnire  Retalulni;  Valve :  Ha  Value  and  Importance.'    P.  H,  Parke,  (ig)  Jan. ». 
Blde-BearlDK  Trucka*    W.  J.  Knoz.    140)  Jan.  A, 
BIk  Pour  ItevlBloD  between  CtDdiuiati  and  Sunman.*    (40)  Jan.  ». 
Swlteliing  Locomotive  for  the  Pemuylvaula  Lines,*    ijc)  Jan.  lift. 
Tbe  Wabash  Terminal  at  tbe  Worid's  Fair  Orounds,  St.  LoulB.*    (ig)  Jan.W. 
QectrUbsUon  of  an  EnitUsb  Btesm  Railway,*    <  ajj  Jan.  80. 
Simple  ConsoUdatlim  LocomoUve  for  N.  Y,  C,  £  H.  R.  R,  R,*    (iB)  Jan,  90, 
An  Important  Sew  Terminal-Yard  Lighting  and  Power  Plant,  Weehawken.  N,  J.*    (aa> 

Serial  beginning  Feb. 
A  New  tuyton  Box  1^,  witb  Structural  Steel  Underframe.*    {jg)  Feb. 

'^nl  Chutes  for  I " — ' 

idicator  TeMS  1 

Watw&^tenhig- 
LOEomotlTes  to~ 
Notes  on   BaU 

French,  Assoc.  M.  A_ ,_.  ._ 

(14I  Serial  beelnnlng  Jao.  SO, 
Flood  Repalre  to  ilhe  Lebigh  £  Susquehanna  Division  of  the  Central  Railroad  of  New 

Jersey,*    H.  A,  Zoc^Tll.  Am,  Soo.  C.E,    (i3|Feb.4. 
An  All  Cast-Iron  Tum-Table,*    Jas,  C.  Benoett,    (i6)Feb.4. 
Steel  Coke  C^ar  of  Vanderbllt  Design.    (40)  Feb,  E, 

Onde  CnMBliis  Protection  Between  Steam  and  Electric  Railways,*    (40)    Feb.  S, 
The  HKcimnm  Economical  Load  for  a  Locomotive.    C.  T,  Noyes,    (Abstract  of  Paper 

rewlberorethePadflcCnast  By,  Club.)    (igl  Feb.  B, 
ConsDildatlon  Locomotlte  for  tbe  (Central  Railroad  of  New  Jersey,*    (40)  Feb.  B. 
Gu GnglneB in  Railroad  Work.*    (ig>  Feb.B. 
Forty-Ton  Coal  Car  with  Steel  Underfiame.*    (ig)  Feb.B. 
iDdicmteor-Enreglslreur  de  Vitesse  pour  Locomotices;  SyMAme  Flamao.    A.  Morliot. 

I^Nouvelle  Vol tutv  Automobile  t  Vapeur  du  Cbemin  de  Fer  du  Nord.    FAIlz  Sartlauz 

and  J.  Koecblln.    (3SI  Jan. 
Cbauffage  dee  Trains  du  Rteeau  de  I'Eat  par  la  Vapeur  et  I' Air  ComprimS  Combinen.* 

H.  daerin.     i33>  -Ian.  S. 


b,CoogIc 


b,  Google 
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Frein  A  Vis,  SrgtAme  Schmld,  ActtoUDi  p«r  la  Ttde  ov  pw  I'Alr  ComprIm«.*    <S3) 

Jan-S.  _^ 

CoiiBidintlonasurrATenlrdelB  TracUOD  Electrique  sur  Im  OraudM  Ligiwa  deChemios 


.   _,  Sup.,  Vol,  II   . 
The  BelKUre  AdvaatagM  of  Overhi 
IstloD^TJrbuRaU' 
,.  Vol.lM. 

i-— Sa*ctric TnuDwayB.*   (ja)  . 

LfHidoD  County  Council  Tramwaya-*    (73}  Serial  be^nnlng  Jan. 
■^-■"J.B."8urf«ce-Cont«ct8yBtem,»    laA)  Jan.  IB. 

'       ■  ~  "     "  (or  Brooklyn  Rapid  Tran__.,     . 

y  Paver  Plaot,  CauandBlAua-  I' 

EJectriclBterurbBolii  WeatemNew  Yorl[.»    (17  j  Jan.  1«, 


illiru'  Worksbopa.*    (ja)  J: 
'ractfoD Syatem."    (17)  Jan, 


bKUanaixdia  and  Korthweatem  Ti ,— —      ,.,. 

T&e  Power  House  ot  the  Interborougb  Rapid  Tnuudt  Company.  New  Tork.*    (14)  Jan. 

at:  li7>  Jan.  SB. 
AppUcatlOD  of  Slncle-Fhaae  AltematlDg  Current  tor  Tracdon  and  Balliray.     B.  Q. 

SlDEte-Pbase  Car  Equipment  at  Eaat  Pitteburg.*    (17)  Jan.  18, 

LondoD's  New  Tube  Railway.*    C.  H,  Grlnllog.    (is)  Jan.  M. 

He*  Cbica^o  Union  Traction  Can.*    1 17)  Jan.  80. 

ImprovemeuU  In  tb«  Power  Equipmeat  of  tbe  Cle* eland  and  ttouthweateni  ByMem.* 

The  ConneaiitA  Erie  Inlerurban  System.*    ffi  >r>th  n 
Tbe  Tbird-Rall  Shoe  on  the  BoaUm  Elevated  R 
As Interaaling  Addition      "  ... .    ^ 


Titi  Electric  Railway  System  of  Vieniw.*    (IT)  I 

St  Lonla  Tranalt  ComiHny'B  New  Can  and  Xotora.*    (17)  Feb.  B. 

Note  aur  rlntftrBt  Qu'll  j  Auralt  a  Fixer  UDltormAment  la  Cote  de  Calage  dea  Rouea  et 

le Hode d'Attela^e  de  Toug  lea  Vfihiculea  Ctreulaut Bur lea  Vol«^  1  HMre.*    M. 

Heude.    (38)  Jan. 
Ttactlon  filectrique  avec  Hot«un  Honopbasie.*    Bmlle  Dieudonnt.    <jtf>  Jan.  10. 

Sewage  Purification.    Ao  Informal  Dlacusalon.    (S4>  Vol.  51'. 

BaclerlalTrentment  of  Water  and  Sewage.    Percy  Prankland.    (63)  Sup,  Vol. 154. 

Utility  EihauBt  Heating  Syatem.'    (69)  Nov. 

Heating  and  VentllatlngofFactorleB.'    (6«)  Nov. 

DeecrlptioD  ot  Hot  TCater  Heating  Apparatus  in  tbe  Schloldamn  InsUtuUon,  Copen. 

hosen  Denmark*    A.  B,  Reck.    (70)  Jan. 
Tut  of  a  Hot  Air  Heating  Appantua  Ualng  Radlaton  Inatead  of  R(«lsten,*    Qeo,  U. 


Aylsworth.     (70)  Jan. 
b  Flguro  ■■---•--  "  -■ 


Heating  Work  Accurately— Wltb  a  Table  Showing  tlie  Losses  in  t 


il  Units  r< 
darbaget 

jf  Hot-Wa_„ _, ,,_,  ._„.  .„, 

n  HeetlDg  from  a  Central  Station.    F.  B.  Hofft.    (Abstract  of  Paper  r«Bd  betoi 
(be  Indiana  Eng.  Soc.  I    (13)  Jan.  81;  (u)  Feb.  1:  <6o)  ■^'■>- 
"     -         *"  .      —     -      .     -lanholeConatr    -'■-■' 

a  Safety  Appai 
-'-— e  In  Heal 
)r.  Boc.  ofHeaf 

aBatter   ' 
BubUab 


A  System  of  Hot- Water  Heating  by  tbe  Use  ot  Steam.    (14)  Ji 

o. ^ . .     'Station.    F.B. Hofft.    (Abstn 

„ ,._,!  Jan.  81;  (»4)  Feb.  1;  (6ol  FeL. 

The  Dse  ot  Concrete  Blocks  in  Manhole  Conatructlon.*    Hugb  C.  Baker,  Jr.    {13) 

CainoD  Disease  and  a  Safety  Apparatus  for  Pneumatic  Ca 

The  Neceadty  of  Moisture  In  Heated  Houses.    R.  C.  Carpentei 

tbe  Amer.  Soc.  of  Heating  and  Ventilating  Engrs,    (14^  Jan.  ts. 
Beat  Transmiaaion  Data  (or  Calculating  the  Proportions  of  Beating  Systeois.    (14} 

Eealdence  Heating  System,*    C,  E.  Oldaore,    (Ahatract  of  Paper 
,  .^._  H^  „»ii„.. •"  ■""-•|'^tlngEDgra.)    ■■■'   '--  "" 

{14)  Jan,  30, 

Filters  rtrtut  CoDtact  Beds  In  Sewage  Purincatlon.*    W.  S.  Shields,    (Abstract  of  Paper 

read  before  tbe  Indiana  Eue.  Bocj  (60)  Feb. 
The  Wear  of  Sewer  Inverts.*  E.  A.  Hermann,  M. .; 
Afiratkm  deaTunnela par  Ventilation  Uecantque:  ( 
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An  lavetOsnUoa  of  the  Properttea  ot  Brick,  Under  Dllleraot  Ririlcal  C 

Sheimaa  M.  Tunill.  Anoc.  Am.  Soc.  C.  E.    IB4)  Vol.  SI. 
Timber  Tenia.    An  Infomul  DlscuHlon.    (g4)Vor.E1. 
Impervioiu  Concrete.    An  lufcrniel  mscusnoti.    194)  Vol.  SI. 
Cotuing  the  KsUck.  Mih..  Beservolr  irlth  a  Concrete  Roof.*    Fruk  L.  Fuller.    <M) 

Dec. 
Tbe  Protection  ot  Blsel  from  Corrosion.    Chmrlee  L.   Norton.     (Eztnct  from  Kept. 

No.  IX.  of  Che  Ina.  En«.  Exp,  8tati(m.)    (131  Jon.  14. 
t    Qrmphlcal  DetermlnBLIon  ot  Ai^lee  in  Sbeir  SCructunU    Work.*    C.  O.  Wrentmore. 

iFrom  tHe  ItieMgan  IVdhnic.  11103.)    (13)  Jan.  14. 
BnpportlnKuiOld  Wall  from  a  Nev  Bulldlotc.*    (14)  Jan,  IS. 

A  Coocrcte-Steel  Factory  BuIMIbb  with  Fifty -Two- Foot  Root  Girders.    1 14)  J">-  IB- 
Sune cf  the CaiUH ot  Recent  F^ureaoC  Reinforced  Concrete.     JulluilK&lui,  Ahoc. 

H.  AiD.Soc.  C.  E.    1 13 J  Jan.  n;  (■■)  Jan-ai:  (14)  Jan.  S3. 
Tbe  Power  Hoiue  ot  the  Interborouxh  Rapid  Tranglt  Company.  Vow  York.*    (14)  Jan. 

nt  Hanuf acture.   Uorrts  H.  Oreen.    (14) 

IaD.%. 

^yotHlchina.    (■S)Jao.  W. 
(■4)  Jan.  U. 

Biker.    {13)  Feb.  4. 

Worka  at  Haniaon,  N.  J.*    (14)  tierlal 

Factory  BuildlnE.*    (14'  Serial  begin- 

3tatJon  at  Washington.*    (14)  Feb.  S. 


Watw  Supply. 

An  Experimental  Study  of  the  ReslBtancea  U 

iS^-^  -  ■ ■'  — 

Antomatlc  Modules  tor  RenUatlng  tbe  Speed  of  Filtration.*    Charlea  Anthony.  Jr.,  M. 

A.  M.  Soc.  C.  E.    (W)  Vol.  SI. 
St«ai)i  Tnrblne  Drlren  Oentrltugal  Pumpe  tor  High  LIfte.    Cecil  West  Darley.  U.  Inst. 

C.  E.    (63)  Sup..  Vol.  lU. 
BalslDE  Water  by  Comprcaaed  Air.    Percy  OHmth,  H.  Inst.  C.  B.    (63)  Sup.,  Vol.  IS4. 
Pummngby  Elei:trlcl(y.*    F.  H.Pitober.    (38)  Dec. 

The  WaiflrSuppllaetd  eoutheaMem  Atoaka.    Ellen  H,  Richards,    (y)  Dec. 
OsmlBg  the  Natlck,  Haas.,  Reaervoir  with  a  (kiucrete  Roof.    Fruik  L.  Fuller.    (aB) 


Notes  OD  the  Water  Suppllee  In  the  Black  Hills  ot  South  Dakota  and  Vicinity.    Ellen  H 

7  Testa  and  How  They  Were  Hade.* 
ir  Puritylng  System.*    (>i>)  Jan.  14. 
._u..  ui   LUC  umuuibna  Power  Company,  Columbua,  Georgia.*     (14)    ^bu.    iv,   i<7i 

miadeiphia'H  New  Ftre  Flghtlns  Serrloe.*    f>o>Jan.EI. 

WsierPowerElecMcalDerelopmentlnNortbemlndlana.*    <I4]  Jan.  38. 

BakKMliv  a  Large  Pumping  HoId  Under.Preaaure  at  Philadelphia.*  Seth  U.  Van  Loan. 

The  New  Sebago  lAkd  Reserrolr  ot  the  Portland  Water  Company.*  Edmund  H.  Blake, 

A  Flood  Test  of  Two  Large  RUetad  Steel  Pipe  Lines.*    (14)  Jan.  SB. 

The  Water  Sotiening  Plant  ot  the  Procter  £  Oamble  Co..  tvorydale,  O.*    (13)  Jao.ES. 

lie  Philadelphia  Fire-ProlecUon  Pumping  Station.    (14)  Jan.  SO. 

A  Low- Bead  Hill  Power  at  Juliette,  Oa.*    (14)  Feb.  6. 

L'AUmentation  ArttBclelledelaNeat«-Amiaagement  du  I^c  de  Cap^de^Long  (Hautea- 

Pyrtntea.*    P.  FHck.    (33)  Jan.  9, 
BMbodea Rapidee  d-AnalysedM  Eaui  Potablea.    J.  Haletle    (36)  Jan.  10. 
unportance  Hyglfinlque  et  ProcMSs  de  Captase  dee  Eauz  9outerraiDes  Protondes.'  Ed. 

Imbeaux and  H.  B.  Nourtler.    (36)  Serlalbeginnlng  Jan.  tO. 

Waterways. 

The  Lerte  Theory  on  the  Hissiaalppl  River.    Ad  Intonnal  Discuadon.    (g4)VoI.  Bl. 

Fereahore  ProtectlOD  and  Travel  of  Beaches.    William  Tregartheu  Douglass,  U.  Inst.  C. 


.    (63)  Sup.,  VoL  IH. 
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SndztnK,  with  Spedal  tie 

C:  E.    (63)  8np.,  VoL 

Tbt  Hodero  Eqalunent  of 


ODBBBNT  BNOIHSBRINO   LITBEATnRB. 


ttarerance  to  Rotary  Cutlers.   Jsmea  Henrr  Apjcdiu,  H.  Inat. 


.    . ^ Doek^  witbSpacial  Reference  to  Hydraulic  and  Electric 

IppllaniMa.    Walter  Hit,  M.  Inat.  C.  E.    (tia)  aup.  Vol.  l- 
DndfflDK  In  Nev  South  WalM.    Cecil  WestDarleT.  UT Inn,  C 

NHkodB  ol  HeasuriiiK  the  Flov  of  Btreami.    John  C. 

LonlKelTlD'sAulomaticTidePredlctor.*    (19)  Jan.  a 

iCoaciQte-SteellJKhthouM.    (14)  Jan.  W. 

ADlomaUc  Tide  Gatea  for  Hie  Bolga  Cbloa  Oun  Oub.  CaUIomla.*   Jaa  D.  Schuyler,  U. 

Am.  80c.  C.  E.    (13)  Feb.  *. 
TbaCacbe  RlTer  Dralna^  BuTTer-    A,  E.  IMl.    <  13)  Feb.  4. 
noolB  and  Flood  Protectkni  Works  at  Cast  St,  Louis,  111,*    James  F.  Pur.    (Abstract 

rf  Paper  read  before  the  III.  Soc.  of  Edcts.  and  Surveyors,     (lal  Feb.  4. 
BwdBUydroIoa^uedu  Bhln  AUemandetdu  Main,  lee  Cruee  et  L«ur  PrevlslOD.    Ed, 

Malllet.    UjI  «•  Trlmestre,  1MB. 
BjdraulJqne  FluTlale:  Veriacatlou  Thtorlque  dee  Ix>is  Emplrlqnea  Relatlrea  k  la  Forme 

da  Lit  dee  RIvlftreB  NaTlgablu  a  Food  Mobile.    U.  FarfCUB.    (43)  >■  TrUncstrB,  MOB. 
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OFFICERS   FOR   1904. 

iVefM«H(,  CHASLBS  HEBMANT. 
Vict-Frttldtntt. 
Ttm  trpirtt  Jawutry,  I30S;  Term  exptrtt  Jonuorif,  1908; 

L,  F.  G,  B0U8CAREN.  F.  S.  CURTIS, 

JAHEB  t>.  BCHUTLEB.  B.  L.  F.  DETO. 

aecnIatTi.  CHARLES  WAEREW  HinJT. 
Treantrer,  JOSEPH  H.  KNAP. 
Diitetori. 
Term  expire*  Jamtary,  Term  explrtt  Jannarir,  Term  expiret  Janaarp, 

190S:  1901!:  1907! 

BICBARD  S.  BUCK,  ALFRED  CRATRN,  CHABLE8  8.  QOWEN. 

OFORQE  a.  PEORAH,  JOSEPH  O.  OSQOOD,  NELSON  P.  LEWIS, 

WILUAH  J.  WILGUB,  QEORGE  8.  DAVIBON  JOHN  W.  ELLIS. 

WILUAH  JACKSON.  E.  C.  LEWIS,  QEORQE  B.  WEBffTER 

EDMUND  F.  VAN  H0E8EN.        HUNTER  McDONALD.  BAL^  HODJBSKI, 

JAHES  L.  FRAZIER.  ELWOOD  HEAD.  CHARLES  D.  HAEZ. 


aecrttary.  T.  J.  McIUNN. 


Standing    Committees. 

Th*  PRBtDDiT  or  TBI  SoomT  u  ex-officto  Mimnt  or  111  CoimmEB. 
On  Fiiumee:  On  PtMieatione:  On  lAbraru: 

8.  L.F.DETO,  OEOBOE  H.  PEORAH,  NELSON  P.  LEWIS, 

L.  F.  O.  BOUSCABEN.  ALFRED  CRAVEN,  WILLIAM  JACKSON. 

RICHARD  S.  BUCK,  JOSEPH  O.  OSGOOD,  E.  C.  LEWIS, 

WILLIAM  J.  WILOUB.  OEOBOE  S.  DAVIBON. 

CHAKLE8  8,  GOWEN,  HUNTBB  McDONALD. 


Special   Gommittees. 

On  UnroHV  Tietb  or  Ckkeht  :— George  8.  Webster,  RIcbard  L,  Huinpbnr, 
George  F.  Swain,  Alfred  Noble,  Loula  C.  Babin,  8.  B.  Newberry,  ClUTord  Rlchnrdson, 
W,  B.  W.  Howe,  F.  H.  Lewis. 

On  RUL  escnoHH :— L.  F.  G.  BoiucBreo.  C.  W,  Buchholz,  8,  M.  Fellon.  Bobert  W. 
HuDl,  John  D.  leaacB.  Rlcbard  Montlort.  H.  G.  Prout.  Joeepb  T.  BlcbArdA,  Perdral 
Boberts,  Jc,  George  E.  Thackray,  Edmund  E.  Turner,  WlUiam  R.  Webator. 


House  of  the  Society  it  open  lT%ym  B  i.H.  tO  10  p.ii.  OTery  day,  except  8uiiday» 

of  JoIFi  HiantBglTliig  Da;  and  CbristDias  Day. 

DU  or  THB  Soonn— 220  Wan  FifTT-BETatiTB  Sncn,  Nnr  Iobk. 

Tklephomi  NiisBia.  -       -       SSBColimibus 

CiBLa  AuDBBBB,       ....    "  Cbbs,  Now  Tork." 
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PROCEEDINGS. 


SOCIETY  AFFAIRS. 

CONTENTS: 

■UnoM*  at  llsetlii«i: 

Of  the  Bociety,  March  «  sod  ]Bth,l«M 

01  the  Boud  oi  DlrBotloa,  Mmrch  lit.  IBM 

Hmn  Aaring  which  the  Boolety  Houw  la  op«D 

Moettap-Tt: .VT. 

*«.iii.«r  ConvontloD 

Unlreraal  ExpoBtUaii,  St.  LouK,  1904 

btcrnsUoDAlEiucliiwuiUBCoiiereaa , 

The  TeehnolBiloon  of  the  Bodety  ot  OenDU 

SeBTcbea  Id  the  I^nry 

Acoesskms  to  the  LlbnTy: 

DonaUoDs 

Bj  purchkH 

Kembenhip  (AddltlaiuuidCliugeaot  AddiMB] 
B«oent  EDj^neoMiw  ArtlolM  at  Interest. 


MINUTES  OF  MEETINQS. 


OP  THE  SOCIETY. 


March  ad,  1904. — The  meeting  was  called  to  order  at  8.40  p.  u. ; 
Vice-President  S.  L.  F.  Dejo  in  the  chair;  Charles  Warren  Hnnt, 
Secretary;  and  present,  also,  193  members*  and  14  gnests. 

The  minutes  of  the  Annual  Meeting,  and  of  the  meetings  of  Feb- 
ruary 3d  and  17th,  1904,  were  approved  as  printed  in  Proceedings  for 
Februaty,  1904. 

The  Chair  declared  the  ballot  on  the  proposed  Union  Engineering 
Bnilding  closed,  and  appointed  Ueasrs.  John  O.  Van  Home,  John  C. 
•  BefliBtered,  but  at  least  100  failed  to  register. 
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Temple,  Albert  Cart,  S.  T.  Wagner  and  H.  A.  La  Chicotte  ae  tellers  to 
cauTaes  the  ballot. 

The  Secretory  reported  that  a  sufficient  number  of  ballots  on  the 
appointment  of  a  Special  Committee  on  "Concrete  and  Steel-Con- 
orete  "  had  been  received  to  enable  a  connt  to  be  made. 

It  was  moved,  seconded  and  carried,  that  the  matter  be  referred  to 
the  Board  of  Direction. 

A  paper  by  Herbert  J,  Wild,  Jnn.  Am.  Soo.  0,  E.,  entitled  "Sub- 
Btraotnre  of  the  Iklarsh  Biver  Bridge,"  was  presented  bj  the  author 
and  illustrated  with  lantern  slides.  The  subject  was  disonsBed  by  G. 
B.  Fraaois,  If.  Am.  Soc.  C.  E. 

The  Secretary  pTcsented  a  letter  from  Charles  O.  Darrach,  If.  Am. 
Soc.  0.  E.,  forwarding  some  samples  of  concrete  made  during  freezing 
weather.  The  subject  was  discnssed  by  Messrs.  O.  B.  Francis,  B.  W. 
Xjeslie,  J.  J.  B.  Croes,  Charles  8.  Gowen,  W.  A.  Aihen  and  others. 

Ballots  for  membership  were  oanvassed,  and  the  following  candi- 
dates elected: 

Ae  Meubbbs. 
Chablwi  White  Cubbt,  Zaoualpan,  Vera  Cruz,  Uexico. 
Edvim  Linoolk  Osms,  Troy,  N.  Y. 
WoiiiiAM  Baucboft  ForrxB,  Schenectady,  N.  T. 
BicHABD  QuiNN,  Fort  St.  Philip,  La. 
Baibd  Smtheb,  Jr.,  Lansford,  Pa. 
Obobob  Eujott  Vbrbill,  New  Haven,  Conn. 
Jakbs  OhiBbbt  Whitb,  New  York  City. 
Jahbb  Edwabd  Whitfieu),  Philadelphia,  Fa. 

As  AssociATs  Memsbbs. 

CsARiiES  FnwiN  GouiiNS,  Philadelphia,  Pa. 
Jahbs  DoroAN,  Hew  York  City. 
John  Stantom  Eny,  Philadelphia,  Pa, 
Nathan  Cuffobd  Oboveb,  Orono,  Maine. 
Abraham  Tkaci  Habuin,  New  York  City. 
Habbt  Hodohan,  Amherstburg,  Out.,  Canada. 
WnjJAM  Adodst  Hitnickk,  St.  Louis,  Mo. 
Joseph  Patton  McLean,  Jersey  City,  N.  J. 
Theodobb  Cliffobd  Philufs,  New  York  City. 
Joseph  Sprinoeb  Swindeixs,  Mt.  Eisco,  N.  Y. 
Joseph  Lee  Wioees,  Baltimore,  Md. 

The  Secretary  announced  the  transfer  of  the  following  candidates, 
by  the  Board  of  Direction,  on  March  Ist,  1904,  from  the  grade  of 
Associate  Member  to  the  grade  of  Member: 
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Ctbub  Catks  Basb,  Waehington,  D.  C. 
CabtTaiiCott  Hittchihboii,  New  York  Citj. 
Iraac  Mathkwson,  Alarcou,  Onerreto,  Mezioo. 
Jai  J0HNBO8  UoBBOW,  WoshingtOD,  D.  0. 
Ehmbt  Abnkb  Steboz,  Borlington,  Iowa. 
Saxdxl  Stobbow,  Lo«  Angeles,  CaL 
Tabo  TauJi,  Tokyo,  Japan. 


The  Secretary  tmnoiiDoed  the  election  of  the  following  oandidates 
by  the  Board  of  Direction  on  Alarch  let,  19M: 

Aa  JuNioBS. 

Edwabd  Wabbbn  Baxkeb,  Philadelphia,  Pa. 
Hnxi  HaxUiTON  Bbinxi^ei,  Salt  Lake  City,  Utah. 
John  One  BirBRAaR,  San  Fnnoieoo,  Cal. 
Henby  ScHwixa  Ex-edischiiidt,  Salt  Lake  City,  Utah. 
Thovab  Bubtok  McIntikh,  New  York  City. 
Albebt  JxFFKBaoH  MatklIi,  New  York  City. 
CoBKKiiniB  JosxpH  O'CoKHOB,  New  York  City. 
Abthub  Johhson  Sagkeit,  JacksonTille,  Fla. 

The  Secretary  presented  the  reptort  of  the  tellers  appointed  to 
canvaas  the  ballot  on  the  proposed  Union  Engineering  Bnilding,  as 
follows : 

"  New  Yobk,  March  2d,  IWH. 
"The  tellers  appointed  for  the  purpose  report  that  they  have 
oanvasaed  the  ballet  on  Union  Engineering  Bnilding,  with  the  follow- 
ing reanlt: 

"  Total  n  amber  of  ballots  found  correct  and  counted 1601 

In  favor  of  the  Union 662 

Against  the  Union 1 139 

1801 

"  Beflpectfnlly  submitted, 

"John  Q.  Van  HoBitB, 
"John  C.  Temple, 
' '  Albebi  Cabb, 
"Samttbl  Tobias  Waoneb, 
"H,  A,  LaOhicottb." 
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March  idth,  1904. — The  meeting  wm  called  to  order  at  8.30  p.  M., 
Foster  Crowell,  VL  Am.  Soc.  C.  E.,  in  tbe  chair;  Chas.  Warren  Htmt, 
Seoretarj;  and  present,  also,  107  members  and  27  gneets. 

A  paper,  by  W.  D.  Taylor,  M.  Am.  Soc.  C.  E.,  entitled  "The  Loca- 
tion of  the  EnoxTille,  La  Follette  and  Jellico  Railroad,  of  the  Lonis- 
Tille  and  Nashville  System,"  was  presented  by  the  Secretary,  who  also 
presented  commnnioatioue  on  tbe  snbject  from  Messrs.  Emile  Low,  E. 
J.  Beard,  William  Q.  Raymond,  Walter  Watson  and  William  P.  Watson. 

The  paper  was  discussed  further  by  Messrs.  J.  O.  Tait,  F.  Lavis 
and  W.  H.  Goverdale. 

Adjonmed. 


OP  THE  BOARD  OP  DIRECTION. 

(Abstract.) 

March  lat,  1904. — 8.30  p.  m. — Yioe-Presid^t  Gnrtis  in  the  Chair; 
Charles  Warren  Hnnt,  Secretary,  and  present,  also,  Messrs.  Craven, 
Ellis,  Gowen,  N.  P.  Lewis,  and  Webster. 

The  Secretary  reported  that  a  enfflcient  number  of  votes  had  been 
received  on  the  proposition  for  the  appointment  of  a  Special  Commit- 
tee on  "  Concrete  and  Steel-Concrele,"sothBt  they  may  be  canvassed, 
under  tbe  Gonstitntion,  and  was  instructed  to  report  this  fact  to  the 
meeting  of  the  Society  on  the  2d  inst. 

The  seven  geographical  districts  into  which  the  Society  has  here, 
tofore  been  divided  for  tbe  purpose  of  the  Nominating  Committee, 
were  adopted  for  the  next  year. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Seven  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  eight  candidates  for  Junior  were  elected.* 

Adjonmed. 

•SeepBgeaieaaadlgl. 
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ANNOUNCEMENTS. 
The  HouM  of  the  Society  U  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sandays,  Fourth  of  Jaly,  Thanksflvhit  Day  and 
Chriatmas  Day. 


MEETINas. 

WedaeMlay,  April  6tb,  1904. — 8.30  p.  h, — A  regnlu  bnsinesB 
meeting  will  be  held.  Ballots  for  memberahip  will  be  oanTasBed, 
and  a  paper,  eatitled  "A  Phenomenal  Land  Slide,"  by  D.  D.  Clarke, 
M.  Am.  Soc.  C.  E.,  vill  be  presented  for  diecnsBioD. 

This  paper  is  printed  in  this  number  of  Proceedingt. 


Wedneaday,  April  aoth,  1904.— 8.80  p.  h.— At  this  meeting,  a 
paper,  entitled  "Lateral  Earth  PresBare  and  Belated  Phenomena," 
by  El  P.   Goodrieh,  Jan.   A™    Soo.  C.  E.,  will  be  presented  for  dia- 


This  paper  ia  printed  in  this  nnmber  of  Proceedingg. 


Wedneaday,  May  4tb,  1904. — 8.30  p.  k.— A  regular  basiness 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed,  and 
apaper,  entitled  "The  Lake  Cheesman  Dam  and  Beserroir,"  by 
Charles  L.  Harrison,  M.  Am.  Soc  G.  E.,  and  Silas  H.  Woodard, 
Absoo.  M.  Am.  Soo.  G.  £.,  will  be  presented  for  diaeassion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  CONVENTION,  1904. 

The  Thirty-sixth  Annual  Convention  will  be  held  at  St.  lionie.  Mo., 
during  the  week  beginning  October  3d,  1904. 
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UNIVERSAL  EXPOSITION.  ST.  LOUIS.  1904. 

The  Sooiet7  has  nnderiaken  to  provide  for  an  engineering  exhibit, 
and  the  establiahment  of  Headquarters  for  Tinting  engineers,  and  the 
Board  of  Dirootiou  hoa  appropriated  eoffloient  funds  to  defray  the 
necessary  expense. 

This  matter  is  in  the  hands  of  the  foUowiog  Committee: 

BoBEBT  MooBB,  U.  Am.  Soo.  C.  E,,  St.  Lonis,  Mo.,  CAatrmon. 

Edwabp  C.  Cabtkb,  Af.  Am.  Soo.  0.  E.,  Chicago,  HI. 

MonoEOAi  T.  Endioott,  M.  Am.  Soc.  C.  K,  Washington,  D.  C. 

Jakbs  Xi.  Fbaeibb,  "  "       ,   Frankfort,  lad. 

WniLiAK  Jackson,  "  "  Boston,  Haas. 

Eim.  EctCHUNo,  "  "  New  York,  N.Y. 

J.  L.  Yak  Obnuk,  "  "  St.  Lonis.  Mo. 

JoEM  F.  WauiAox,  "  ■'  Chicago,  111. 

H.  J,  Ffxifbb,  Assoc.  M.  Am.  Soc  C.  E.,  St.  Louis,  Ho.,  Secrekay. 


INTERNATIONAL  ENQINEERINQ  CONGRESS. 

The  list  of  subjects  for  disonssion  at  the  Congress,  published  ii 
Proceedingt  for  February,  1901,  has  been  amended  as  foUovs: 
Change  title  of  subject  No.  32  to  read, 
32.  Mining: 

a.  Surveying; 

b.  Hoisting; 

c.  Ventilation. 
Add  the  following  subjects: 

34.  Oas  Engines. 

35.  Siirveying. 

36.  Ocean  Hydrography. 

37.  Wharves  and  Piers. 


Papers,  from  the  standpoint  of  American  Practice,  have  alteadj 
been  assured  on  the  various  subjects,  as  follows: 
Haxbobs,  Natcb&l  Watbbwatb,  Arufioiai.  Watbbw&xs  and  Fobtifi- 

CATIOHS: 

By  OSScers  of  the  Corps  of  Engineers,  U.  S.  A. 

IHQHTHODBBS  ASD  OXHXB  AiDH  TO  NaTIQATION: 

By  Officers  of  the  L^htbouse  Board,  U.  S.  A. 
Obdmance: 

By  Officers  of  the  Ordnance  Department,  U.  S.  A. 
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SujtvBYiNa : 

By  Officers  of  the  U.  8.  Coast  &ad  Geodetic  Surrey,  and  H.  M. 
Wilson,  Qeographer,  U.  S.  Qeologioal  Survey. 
Natai.  Abohttbctube; 

By  B«ar  Admiral  W.  L.  Gafps,  Chief  Conetractor,  U.  S.  N. 
Mabinb  Enoinbkbino: 

By  ProfesBor  W.  F.  Durand,  Ithaoa,  N.  Y. 
Dbt  Docks: 

By  Bear  Admiral  M.  T.  Endicott,  Chief  of  Bureau  of  Tarda 
and  Docks,  XI.  8.  N. 
Tbaffic  om  IiiPBOTED  Watbbwats,  eto. : 

By  Edwabd  p.  North,  New  York  City. 
PuxmoATioif  OP  Wateb  roR  Dombbtio  Usr: 

By  AjajOx  Hazbn,  New  York  City. 
PuBizicATioN  OP  Watkb  pob  thb  Pboddction  op  Stsah: 

By  J.  O.  Hansi,  Pittsburg.  Pa. 
TuBBiNBs  AJTO  Wat»b  Whbkw: 

By  Professor  Qabdnbb  S.  Wiluaxb,  Ithaoa,  N.  Y. 
Ibbioation: 

By  EiiWooD  ItlKAD,  Chf.  Irrigation  Inves ligations,  Washington, 
D.  C. 
Railboad  Tebiuhals: 

By  Elmbb  L.  Cobthbu.,  New  York  City. 
TJNDBBaBODKD  Bailwaib: 

By  William  Babolax  Pabsonb,  New  York  City. 
LooouoTiTBS  AND  Otbbr  Bollikq  Stock: 

By  Obobob  Oibbs,  New  York  City. 
LiTB  Loads  fob  Bailbpai)  Bbidgeb: 

,  By  SxHki  W.  HoDOB,  New  York  City. 
Thb  SuBsirnmoN  op  Ei^botbioite  pob  Stbau  as  a  Motive  Foweb: 

By  Jambs  Q.  Whtte,  New  York  Oit/. 
Skwaob  Disposai.: 

By  Obobob  W.  Fulleb,  New  York  City. 
DiaposAi,  OF  Mdnicipal  Bbpdsb: 

By  BuDOLFH  Hebino,  New  York  City. 
TssTiLiTioN  OF  Tdmnels: 

By  Chablks  S.  Chobchill.  Cbief  Engineer,  Norfolk  and  West- 
ern R.  B.,  Boanoke,  Va. 
HiOHWAXs: 

By  Jambs  Owen,  Newark,  N.  J.,  and  William E.  UoCLitiTOOK, 
Boston,  Mahb. 
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OoNdBBTX  Aiii>  Conoretb-Stbbl: 

By  Edwin  Thaohkb,  New  Tork  City. 
Deep  Foundatiohs: 

By  JoHM  F.  O'BouBKS,  New  York  City. 
The  Mantf Across  of  Stbbl: 

By  WiLUAH  Mbtcau,  Pittsburg,  Fa. 
TsBTS  ov  Uatebuuiof  Conamvcnan: 

By  WajJAHB.  Wbbbtkb,  Philadelphia,  Pa. 
Fasskhgbb  Eusvatobb: 

By  Thomas  E.  Bbown,  New  York  City. 
FuKFiNa  Maceimbby: 

By  iBTiNa  H.  BramoLse,  YoungBtows,  Ohio. 
Gkmtrifdoai.  Pdmpb: 

By  William  Uayo  Venable,  New  Orleans,  La. 
Dbxikjbs:  Theib  CoMSTBtrortOH  asd  Pebjohkahok: 

By  A.   W.  BoBDtBOH,  Montreal,  Canada,  and  F.  B.  Mai/tBT, 
Memphis,  Tenn. 
EiiBOTSioAi.  Pownt— OBNBSATiMa  Statioiis  and  Tbaksubsioii: 

By  L.  B.  8T1LI.WBLL,  New  York  City. 
EsaJxsxBisa  Epuoation: 

By  Professor  BobebtFiiKtohxb,  Hanover,  N.H.,  and  Professor 
GaIiTDi  U.  Wooswabd,  St.  Louis,  Mo. 
Whabtbb  axd  Pibbb: 

By  John  A.  Bbnbxi.,  New  York  City. 
Advices  recently  reoeived  indicate  mnch  interest  in  the  Congress 
is  Europe,  and  many  papers  from  England,  France,  Holland  and 
other  foreign  conntries  seem  to  be  asBnred. 

THE  TECHNOLBXICON  OP  THE  SOQETV  OP  QERMAn 
ENQINEERS. 

At  the  request  of  Dr.  Hubert  Jansen,  Editor-in-Chief  of  the  Te(A- 
Tiolexuxm  of  the  Verein  Dentscher  Ingenienre,  the  following  announce- 
ment is  made: 

"The  universal  technical  dictionary  for  translation  purposes,  in 
English.  Qerman  and  French,  the  compilation  of  which  was  Segim  in 
1901  under  the  auspices  of  the  Society  of  German  Engineers,  has 
received  help,  up  to  the  present  time,  from  363  technical  societies  at 
home  and  abroad:  51  of  these  are  English,  American,  South  African, 
etc.,  274  Oerman,  Austrian,  and  Oerman-Swiss,  and  3B  French,  Bel- 
gian, and  French-Swiss  societies.  Of  firms  and  individaal  collabo- 
rators, 2  673  have  promised  contributions. 

"The  excerption  of  texts  in  one,  two  or  three  Isnguagea  (hand- 
books, pamphlets,  business -letters,  catalogues,  price-lists,  etc.),  and  of 
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the  eziBtiiiK  diotioDorieB  has  yielded  1  920  000  word-cards  so  far.  To 
theM  will  be  added  within  the  next  two  jeum  (by  the  middle  of  1906) 
the  hundred  thoneandB  of  word-cards  that  will  form  the  reenlt  of  the 
original  contribntiooB — those  already  sent  in  and  those  still  expected 
—of  the  2  573  collaborators  at  home  and  abroad,  when  the  editors  in 
Berlin  have  finished  them  for  the  press.  3peciaIlT  made  handy  note- 
books had  been  placed  at  the  disposal  of  the  collaboratore  to  write 
their  collections  in,  of  which  317  have  come  in  filled  ao  far. 

"  All  the  ontstanding  contributions  wUl  be  called  in  by  Easter  o( 
this  year,  1904.  The  collaborators  are  therefore  reqnest«d  to  close 
their  note-bt>oks  or  other  contributions — unless  a  later  term  has  been 
especially  arranged  with  the  Editor-in-Chief— by  the  end  of  llarch 
and  to  forward  them  to  the  address  given  below.  As  the  printing  of 
the  Technolexicon  is  to  begin  in  the  middle  of  1906,  delayed  contriba- 
tions  can  be  made  nse  of  in  exceptional  casee  only  up  to  that  time. 

"  The  Editor-in-Chief  will  be  pleased  to  give  any  further  informa- 
tion wanted.  Address:  Technoleiioon,  Dr.  Hubert  Jansen,  Berlin 
(N.  W.  7),  Dorotheenstrasse  49." 


SEARCHES  IN  THE  UBRARV. 

In  Jannary,  1902,  the  Seoretaxy  wu  authorized  to  make  searches  is 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  snch 
searches  have  been  made,  ajid  bibliographies  and  other  information  on 
special  sabjeots  furnished. 

The  resnlting  satisfaction,  to  the  members  who  have  made  use  of 
the  resonrcea  of  the  Society  in  thb  manner  has  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  thomselveB  of  it. 

The  cost  is  trifling,  compared  with  the  valne  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  qnite  as  well,  and  much  more  qnickly,  by  persons  familiar 
with  the  library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  oases  it 
is  only  neoeesary  to  make  a  typewritten  copy,  which  reduces  the  cost 
of  searches  to  a  minimnm. 

In  asking  that  snch  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
bcwks  only  are  desired,  or  whether  a  complete  bibliography,  involving 
search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE   LIBRARY. 

Fram  Febraarjr  10th  to  Hatch  Sth,  1904. 


CAMBRIA  STEBL, 

A  Handbook  ot  Inform&tioa  Relating  to  Straotnral  Steel  Uaonfsc- 
tnred  bj  ike  Cambria  Steel  Co.,  Contaiaiog  Useful  Tables,  Bnlee, 
Data  and  Formala  for  the  Use  of  EDgioeers,  Arohitecta,  Builders  and 
Mechanics.  Leather,  7zi  ins.,  10  +  464  pp.,  illaa.  FhiladelpbiA, 
Cambria  Steel  Co. ,  1903.     «1.00. 

huHlbaok  coDtalna  all  the  dat«  or  the  fourtli  and  lUlb 

rrecl«d  um)  rerlaed  wbaro  neceasary.   It  also  coBtalna  a 

it  ne<r  matter  retaUng  to  nev  HeoUana  of  aogles  and  T-ban.  uxl 

its,  blDODiB,  Ingots,  and  edited  and  sheared  plaUa.   The  weblhM  at 

...Z-baraaiHl  T-ban  dow  glTen  are  those  adopted  ae  ■tandBrda  by  the  AsKKdatlau 
meiioKi  StAsl  UaauCacturerB.  Olher  new  matter,  wUdi  haa  been  Intradnoed.  om- 
ot  lablei  ot  safe  loadB  and  dlmeoslonl  tor  plate  and  angle  oolunws  and  tor  Z4Mr 
mni  wltli  side  plateB.  Tables  have  been  added  ahowlag  the  section  moduli  and 
of  Inertia  for  all  the  built-up  oolumns  (or  which  the  sate  loads  an  tabulated, 
niuuu  'ndues  wlllbeotaailslsnceln  oases  where  It  la  ueoessaty  to  eouslder  the  effect  of 
eccentric  loads  In  Oguiing  the  strength  ot  the  columos.  Tables  oC  sate  loads  tor  anelss, 
T'bsrs  and  Z-bars  actlnfc  as  beams  with  anitonnly  dlstrlbaled  loads  hare  also  been 

LBS  POMPES. 

Par  B.  Uasse.  Preface  de  M.  Hatton  de  la  Ooapillidre.  Cloth, 
11x8  ins.,  16  +  528  pp.,  illus.  Paris,  Vve.  Ch.  Dunod,  1909.  32 
fotnce. 

nils  work  is  made  np  largely  ot  artioles  written  bv  the  authw  for  the  Kerac  de 
Meaniaut,  and  hia  descripttons  ot  the  varloua  types  ot  pumps  exiiiblted  at  tbe  Paris 
■izpoilllon  itf  1900.  The  general  principles  gorerniiig  the  subject  are  sat  forth  In  the 
DTSS  ehapto'  which  comprlaes  a  brief  epitome  of  the  theonr  of  bydrauUcs.  ths  function 
and  worfe  of  pumps,  mmlve  power,  stsam  eoglnea,  eleotrlo  motors  and  the  oldw  and 
■impler  (brms  of  hand  pumpe.  The  theory  and  oonstructiou  ot  the  *arloaa  types  ot 
pumps  Id  Beaeral  use  ars  next  treated,  the  textbeLnic  Illustrated  by  a  large  numbwof 
Ignrss  Including  numerous  sections  showing  details  ot  constmcUon.  Both  direct  and 
inolreot  acting  pumps  are  treated,  and  numerous  examples  ot  each  class  sn  shown. 
The  Importisit  subjects  ot  rotary  and  cantrif  u^al  pumps  are  treated  In  Chapt«r  in. 
wliHe  Chapter  IV  treats  of  pulsometen  aad  Injaccors.  Flre-eoglaes  and  flre-boats  are 
treated  also  la  tbe  last  chapter. 

ALTERNATINQ  CURRENTS: 

Their  Generation,  Diatribntion,  and  Utilization.  Bj  George  T. 
Hanchott,  M.  Am.  Inst.  E.  £.  Cloth,  7|  z  6  ins.,  176  pp.,  illna.  New 
York,  John  Wiley  &  Sons,  1904.     $1.00  net. 

Tbe  preface  states  that  there  are  to-day  many  practical  engineers  of  eiperience  In 

*' '  'Ightlng  and  power  plants  and  coustruction  wotK  who  hare  a  thorough 

it  direct-current  work  Id  all  Its  various  branches,  yet  a  comparatjrely  vague 


It  the  phenomeDa  ot  alternating  cnrrflnle  and  the  wparatus  for  Ibelr  general 
itiUmtlou.  This  is  especially  true  In  connection  with  polyphase  systMua,  wl 
ecoming  more  and  more  generally  used,  and  which  possess.  In  many  oases,  ad' 
over  the  direct.curreQt  and  single-phase  altematlug-current  synenia.  Tbe 
ir  of  this  book  Is  to  explain  as  clearly  and  simply  as  possible,  the  phenomen 


deavorDtthis  book  Is  to  explain  as  clearly  and  simply  as  possible,  the  phei 

well  aa  the  apparatus  of  alternating  cunenta  ot  electricity  in  their  various  practlca. 
phases.  The  Oontents  are:  Hydraulic  Ansloglesot  Inductance  and  Capacity  Comblna- 
tloua;  Alternating  Current  Principles:  Sbiglel'hBSe  Constant  Potential  Transfonners; 
Fhass  IMtlerence  and  Vector  Bummatlon:  Copper  Calculations  for  polyphsse  Circuits: 
Alternating  Currrat  Heasurements:  The  luducUon  Uotor;  The  Kolary  Converter:  Al- 
ternating Current  Generators  and  SynchronoUB  Uators:  The  Management  of  AIt«nist- 
ing  Current  HachiDery  j  Management  ot  Induction  Motors. 

'Unless  otherwise  specified,  books  In  this  list  have  been  donated  by  the  publishers. 
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LES  MOTEUJtS  A  ESSENCE  POUR  AUTOMOBILES. 

Leoona  Frofesa^ea  en  1908-1901  K  la  Faculty  dea  Soienoee  de  rUni- 
veraitu  de  Bordeaux.  ParL.  Harohia.  Paper,  10  x  6j  ioa.,  15+470 
pp.,  illns.  Paria,  Vre.  Ch.  Dnnod,  1904.  Brooh6,  15  franoa;  car- 
toim^,  16  francs,  60. 


1  tor  industilBl  pr>cUae.  Ttw  CoDMnta  tit:  ht  MralopmeDt  de  I'lDduMrie 
~-~i~iobUe;  Lm  Tnm  <le  Hotenn  k  Ezploijon  BmiriDytE  en  AutomobUlaiiw:  L« 
RefroldlMonieDt  des  Hoteun;  DMribuUoD:  EchapMoieDt;  RAgtiUtlini;  R«aer>olra; 
LesCaHnrnMun;  AUumace  pu  dM  FrooMte  non  KiBclilqnw;  Ailumue  ilactrlque 
narBtlDDBll*  d'InductlciD:  AUainace  par  Hun^tiM  ec  par  Ufuwiioa;  SquUllmKe  dea 
Notcnn  tm  0<n4i»l  et  |diu  PuttculIarAm^  dea  Hin«un  k  Exidaaloii.  Thereto  an 
ladm  <rf  »lx  pagBB. 

Gifte  have  bIbo  been  reoeived  from  the  toUowing: 

Am.  Eleotrocbsmlal  Boc.    1  pam.  JudKB,  Wm.  F.    I  pai 

Am.  Inrt,  MIn.  Eugn.    1  bound  ~  _   _     ~ 

Am.  Iron  and  9t«d  Aa 


B  des   Ancteiu   tiAn 


:lpBlltl«8.    1  pom. 


™™._.    MomilUniv.    ibooad  .... 

Bltomlirou*  Cool  Trade  Abmc.    1  pam.  Hlcb.— 8MU  Boardot  Hwlth.    1  pam. 

Blaochard.  Arthur  H.    I  bound  vol.  Mlddletown.   CouB.—WUei   Commra.      1 

Boston.  Hau.— StatlMlca  Dspt.  1  voL  pam, 

Broiuh,  B.  H.    I  pam.  Kidknd  Ry.  Co.    I  pam. 

fituriao.  N.  T.— D^  of  Pub.  Works,    i      Miller.  Blram  A.    1  pam. 

nil.  UlnneapollB  &  St.  LoulB  K.  R.  Co,    1  pam. 

OuumIb— GeoL  Burr,  Dept,    1  toI.  N.  J.— Board  ot  Health,    1  pam. 

CUfKecord.     t  bound  vol.  N.  V.  City-Board  of  Haal&.    Ipam. 

atftoo  Power  Co.    Spam.  N.  T.  City— Comnir.  or  Pub.  Work».     1 
ColLof  theCltyotN.^  Ipun.  pam. 

Colo.— Agri.  Exper.  Statlm,    4  pam.  N.  ¥.  City— Munlcf pal  ExplDalree  Comm. 


1  Tol.,  S  pa 

Co.    1  pam.  Poor's  Ry.  t&kaiuU  Co. 

'  tnerlkaolacber    Teohnlk«-Ver-  Quinetlede  Rochemonl. 

1  pam.  BC.  Paul.  MIdd.— Board  ol 


Delaware.  Lackawanna  A  Weet«n]  B.  R.      Ontario— RetttBtiar-OeD.    I  pai 

Co.    1  pam.  Poor's  Ry.  Haaual  Co.    Ipam. 

Deatach-Amerlkaolacber    Teohnlk«-Ver-      Quinetle  de  Rochemont.  K  T. 


FaU  Rlrar.  Haaa.—W>tappa  Water  Board. 

I  pam.  Bims.  A,  T.    1  pam. 

Ftak.  W.  L.  1  vol.  Bouthem  Paclflc  Co.    1  pam. 

Fiance— Minlatre  dee  TraTaux  PubUca.  1      [Tulv.  of  Hlch.  Lib,    Ipam. 

pam.  UnlT.  of  Pa,    I  pain. 

Qreat  Brilala— Patent  Onoe,    19  pam,  U,  B.  Light-House  Board,   flpam. 

UL—Asri.  Enter. BiatloiL    Spam.  Vtotorla— LegtolatlTo  Auembly.    I  pam. 

lDst.orciT.  KDgra.  o[  Ireland.    1  vol.  WeMem  Ry,  Club.    1  toI. 

Iron  ft  Steel  lost.    I  bound  toI.  Woodbury.  C.  J.  U.    I  bound  toL 

BV  PURCHASE. 

TMtlDS  of    Electro>AUxnetlc    MachliMry  «od  Other  Apparatus. 

Bj  Bernard  Victor  Swenson  and  Bndd  Frankenfleld.     Vol.  I.     Direct 
CnrrentB.     New  York,  The  Macmillan  Company,  1904. 

Wireless  Telegraphy  and  Telephony;  A  ComprebenaiTe  Exposi- 
tion of  the  Progresa  made  hy  Wireless  Telegraphy  from  Early  Begio- 
ninge;  Followed  by  a  Popular  DescriptioD  of  the  Method  and  the 
Instramenta  Uaed  in  the  Orling-Armstrong  System  of  WirelesB  Tele- 
graphy and  Telephony  through  the  Qronnd.  Compiled  by  Maniice 
Ernst.    London,  Electricity  Office, 

Bagliie  Tests  and  BoU«r  Etflcleiicles.  By  3.  Bnchetti.  Trans- 
lated and  Edited  from  the  Third  Edition  by  Alexander  Bassell,  M.  I. 
E.  E.     Weetminater,  Archibald  Oonatable  &  Co.,  Ltd.,  1903. 
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140  ACCESSIONS   TO  THB   LIBBAHT.  [Sooletr 

Die    Entwkkduas    des    Nlederrhtlnbcb'WMtfalUcben    SMn- 

kohlen-Bergbanea  in  der  zweiteu  HoUte  des  19.  JahrhnndertB. 
HeranegegebeD  vom  Yerein  fiir  die  bergbaoliohen  liitereesen  im 
Oberbergamtebezirk  Dorimaad  in  gemeinecbaft  mit  der  'WeEtGU- 
ieohea  Ber^gewerkaohaftakaaHe  nnd  dem  Bheiniech-WeAtfiliBchen 
EohlenB^ndikat.    Yol.  1.     Berlin,  JnliaB  Springer,  1903. 

Die  Wagner- Fenoel'sclieii  Tactaymetar.  Der  Fabrik  geodatiscfaer 
luBtramente  von  Otto  Fennel  Sobue  in  Oaaeel.  Dritte  Terbeeaerte 
Anflage.    Yon  Adolf  Fennel.     Stuttgart,  Eonrad  Wittwer,  1901. 

Maps:  Tbeir  Uses  and  CoDStnictlon.  A  Short  Popnlar  Treatise 
on  the  Adrantagea  and  Defects  ot  Uaps  on  Yariona  Projeotiona,  Fol- 
lowed by  an  Ontline  of  the  Prinoi plea  Involved  in  their  Conatmction. 
Bt  O.  James  Morrison.  Second  Edition,  Revised  and  Enlarged. 
London,  Edward  Stanford,  1902. 

The  Encyclopedia  Americana.  A  General  Diotionary  of  the  Arts 
and  Sciences,  Literature,  Hietorj,  Biographj,  Geography,  etc.,  of  the 
World.     New  York,  Chicago,  The  American  Company. 

Tbe  World  Almaaac  and  EncyclopKdlo,  1904.  New  Tork,  The 
Press  Publishing  Co.,  New  York  World,  1904. 

Tbe  Removal  and  Olaposal  of  Town  Refuse.  By  William  H.  afax- 
well.     London,  The  Scientific  Publishing  Company,  Ltd.,  1896. 

RMUUnce  des  Materlaux  Appltquee  aux  ConstrtictionB:  Method«s 
Praotiqnea  par  le  Calcnl  et  la  Statiqne  Grapbique.  Vol.  1.  Paris, 
Yve.  Cii.  Dunod,  1904. 

The  Official  Report  of  the  Intematlotid  Fife  Prevention  Con- 
gress Convened  by  the  Executive  of  tbe  British  Fire  Prevention  Com- 
mittee, Held  in  Loudon,  July  6th  to  9th,  1903.  London,  British  Fire 
Prevention  Committee,  1903. 

Annuolre  Statlstlque  et  Descriptlf  des  DbtrtbnUons  d'Ean  de 

France,  Alg^rie,  Tnnisie,  Belgiqne,  Suisse  et  Orand-DuchS  de  Luxem- 
bourg. Par  Imbeaux,  Hoc,  Van  Lint  et  Peter.  Paris,  Yve.  Cb. 
Dunod,  1003. 

SUMMARY  OF  ACCESSIONS. 

February  10th  to  March  8th,  1904. 

Donations  (including  6  duplicates) SO 

By  purchase 19 

Total 99 
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HBHBBBBHIP— ADDITIOirS. 


MEMBERSHIP. 


ADDITIONS. 


Bum,  CiKiB  Catis.    EngT.,  U.  : 
T«7,  VaBliingtOD,  D.  C. . . 


-  Dateof 

HMnbenhlp. 

iDalSni-C^'"-  ^**'-    3-  1«» 

i  Aamo.  H.    Feb.    3.  1BB7 

(m.  Uu.    I,  1904 

CraniMaaui,  JoexPB  HooKKi.  661  WorceaterBlk.,  j  Auoo.  H.    Sept.  6,  1S99 

Portland.Ore i  M.  Feb.    8,  19M 

Okum,   BnwiM   LmooiM.     Cbf.  Engr.,  Borean    of  Water 

Supply,  47  State  Bt..Tn)y,  N.  Y Mar.     2,  1904 

HiKDBTTBi,  Thohab  Hemst.  Lt.-Col.,  CoTpg  oI  Eogrs. ,  U.  8.  A., 

Boom  99,  Flood  Bldg..  San  FraneiBoo,  Ual Feb.    3,  1904 

HvnBiHBOH,  Cabt  TujOOTT.      Cohe.  Flee.  GDgr.,  J  Abkki.  H. 

66  Pine  St.,  New  York  City 

HoBBOw,  Jat  Johnson.  Oapt.,  Corp*  of  Engn., 
C  S.  A.,  Asst.  to  E^gr.  Cominr.  of  the 
District  of  Colombia,  Diatriot  Bldg.,  Wash- 
ington, D.  C 

Sjaimm,   Wujjuji   Hobatio.      91S    Grand  View    Atc,   Loa 

AngelBB,Cal Feb.     3,  1904 

ScimoBOiiOH,   Fbakoib  WmTHSOP.     Engr.,   M.  of  ('''"'' 

W.,  C.  *  O.  By.,  Richmond,  V» J  C^'  "" 

SninB,  Baibd,  Jr.  Asst.  Bapt.,  Lehigh  Coal  &  Nav.  Co., 
Lansford,  Pa 

8txH%  Ejotxt  Asinu.  City  Engr.,  Ci^  Hall,  I  Aaaoo.  H. 
Borlingtcn.  Iowa (  M. 

TiEBm,,  OxoBox  Eluot.    6(6  Elm  St.,  New  Haven,  Conn... 

^mra.  Jakes  OiLBEBT.    43  ExohaDgeFl.,  New  York  City. . .. 

WmtTiiui,  Jambs  Bdwabd.    406  Loooal  St.,  Philadelph^  Pa.     Mar.     2,  1904 


Sept. 

3,  1890 

Mar. 

6,  189S 

Feb. 

2,  1904 

Ibr. 

2,  1904 

Deo. 

4,  1901 

Mar. 

I,  1904 

Mar. 

2,  1904 

Mar. 

2,  1904 

CoLUNS,  Chaslss  Eswin.    Cone..  Civ.  andHydr.  Engr.,  Caie, 

Woodlawn  Inn,  Pittefleld.  Mass Mar.  8,1901 

Clud,  Phiup  Inblei.     Cbf.  Engr.,  Phil.  A  Easlou  Ry.  Co., 

EaBlon,Pa Feb.  3,  1904 

DacaiK,  James.     Asat.  Engr.  with  Clinton  A:  Bna- J  Jnn.  Mar.  G,  1901 

■ell.  32  Liberty  St.,  New  York  City ?  Amoc.  M.  Mar.  2,  1904 

Gitma.  Natbah  Clittobd.    Engr.,  U.  H.  Geological  Sarrey, 

Orono,  Me Mar.  2,1904 

HusDt,  Abbaham  Tkact.    Ei^^.,  M.  ofW.,  N.  Y.  C.  AE.  B. 

B.  B.,  Grand  Central  Station,  New  York  City Mar.  2,  1901 

HoDOMAN,  Habbt.    Amherstbai^,  Ont.,  Canada Mar.  3,  1904 

Hcsicn,  Wnjxui  Auovsr.    993T  Henrietta  St. ,  St.  Lonia,  Mo.  Mar.  2,  1901 
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UacCuoekn,  Ueobob  Gbbx.    UaiTMsitT  Heights,  j  Jnn.  Feb.    6,  19( 

New  York  City 1  Abboo.  M.    Feb.     3,  !« 

MoLbah,   Jobbpb  Patton.     31   Highland  Ave.,  Jerse;   Cit;, 

H.J Mm.    2,  19C 

Noble,  CiiABBKOB  Wabben.     406  BtooklTU  Ave.,  Kansas  City, 

Mo Feb.     3,  IM 

Patkbhov,   Habbt  Thohab.     Aset.   Engr.,    U.   8.   Oeoli^cKl 

8ut»ej,  KoBwell,  N.  Mei Feb.    3,  I9C 

Fhuxifb,  Tbeodobb  CuFFOxn.    CiT.   and  Hydr.   Engr.,   636 

Park  Bow  Bldg.,  New  York  City Mar.     2,  190 

PiZBOB,  Jamm  Wilson.     City  Engi.,  Cit;  Hall,   Cambridge, 

Ma«B Feb.    3,190 

pBotm,  Edwabd  Natsah.     Asat.  Prof,  of  B.  B.  Eng.,  UniT. 

of  California.  3937  Vine  St.,  Berkeley,  Cal Feb.    3,  190 

ScHAErrxB,  Amob.    Awt.  Engr.,  Bapid  Transit  B.  B.  Comm., 

600  Weat  H9th  St.,  New  York  City Feb.    3,190 

SoOTT,  CoABLis  Bbdoe.    EIMu,  W.  Tb Feb.     3,190 

SwiNDEus,  JoaiPH  Spruiobr.     San.,    Hydr.  and  i  j  p^.  ■     „    jo™ 

ConBtr.  Engr,,   4  Wert  14th  St.,  Boom  3.  j  ^^     „     Mar.    2   190 

New  York  City ( 

WicBEB,  JoBBPH  Lbb.     CommT.  of  Street  Cleauing,  City  Hall, 

Baltimore,  Md Mar.    2,  190! 

YouMO,  Eddi  Elbirt.    426  West  aSd  St,  Hew  York  City Jan.     6.  190! 


DAVisa,  WnjjAM  Gouib.      Care,   TJ.   S.    Qeologioal  Survey, 

Yiuna,Aiiz Feb.     X  190f 

Uatbll,  Albhbt  Jeivbbboh.    660  East  164th   St.,  New  York 

City Mar.    1,  190i 

O'CoHNOB,   OoBNEuim  JosBPH.     1018  ProBpeot  Ave.,   Bronx, 

New  York  aty l&r.    1.  190( 

BiCBuoNn,  JmJAN  PiBBBE  WrLUAu.     1144  Tinton  Ave.,  New 

YorkCity Feb.    2,  190< 

WiTOEBEij^  Fbbdbbick  Whitewbij).     Boom  1300,  Bank  for 

SavingB  Bldg.,  Pittsbnrg,  Pa Oct.      6,  190S 

Yen,  Tuck  Chiho  Stbono.     Asst.  Div.  Engr,,  Canton. Hankow 

By.,  Canton,  China Dec.     1,  IMS 


CHANGES  OP  ADDRESS. 

AsoATE,  Gbobob Western  A^.,  Fonndation  AContr.Co., 

609  McCagne  Blc^;.,  Omaha,  Nebr. 

Bbowh,  Williak  Maiwki.i. Engr.,  Sewerage  Works,  Met.  Water  and 

Sewerage  Board,  1  AabbnTton  PL,  Boa. 
ton,  Mass. 
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CiMFsnx,  JoBN  LooiH Chf.  EngT'i  OaMonad*  B7.  Constr.  Co., 

Fiin.  Amt.  Engr.,  St  L.,  K.  G.  &  C. 

B;^  6ia  FriBoo  BIdg. ,  BL  Lonis,  Ho. 

Cbdup,  BufS  Lju Englewood,  N.  J. 

DiTm,  CautLBS  E.  L.  B Lt.-Ool.,  Corps  o(  Engn.,  D.  S.  A.,  D.  S. 

Engr.    OfBoe,     Jonas     Bldg.,    Detroit, 

Mich. 
GwOBS,  GKOBai  Edwin Eiatem  Bepreaent&tive,  Tbe  Eing  Bridge 

Co.,  2T7  Broadway,  Naw  York  City. 

Gu«HiK,  BobmbtHu.1, 303  Bowie  St.,  San  Antonio,  Tex. 

HtT.i,.  Benjamin  Mobttmbb Cir.     and     Miu.     Engr.;    Cooa.    Engr., 

Beelunation  Serriee,  D.  8.  Geologiaal 

Survey  (HellBroa.),  U9  Temple  Court, 

Atlanta,  0*. 
BiKiAW,  Jaios  Hatwud Cbf.  Engr.,  Sasqnehanna  El«o.    Power 

Co.,  3  Eaat  Lexington  St.,  Baltimore, 

Hd. 

Haismm,  Wnxun  Wuxua 10  Sprnoe  St.,  Heniphis,  Tenn. 

Ikouja  Owati  LormtOT Engr.  in  Chg.  of  Mwila  Sewerage  Bya- 

tem,  Manila,  Fhilipplna  Iilands. 
IxwiH,  Jaxu  Clux 61B  Grand  Central   Station,   New   York 

City. 
KsuBB,  Csiauat Oapt.,  Corps  of  Engn.,  U.  S.  A,,  Engr. 

OfDcer.  Dept.  of  Mindanao,  and  Engr., 

Moro  FroTince,  Zamboanga,  Uindanao, 

PbUippine  Islands. 
Smra,  FinngBTo  CaABua Cone.  Engr.,  Bridge  and  Conatr.  Dept., 

Pennsylrania  Steal  Co.,  Steelton,  Pa. 
L1KTIL1.K,  JiooB  H&iB Cons.   Engr.,   96  East   Baltimore    Are., 

Lanidowne,  Pa. 
IbLOEKR,  FuNX  Otis Qen.  Bnpt.,  Choc.,  Okla.  A  Gulf  B.  B., 

Little  Bock,  Ark. 
Skusakt,  Hdob Aut.  Eugr.,  Biv«TBdale,  Bivarsdale  Bd., 

Barswood.  Western  Anstialia. 
Speinq,  Fsurou  Josxpa  Edwabs.  . . .  Chairman,  Harbor  Boud,  Madras,  India. 
S10ABT,  FsANcn  Lkb Dist.   Engr.,  B.   A   O.   B.   B.,   Boom  4, 

Walsh  Bldg.,  Cnmberlaud,  Md. 
TiiLoK,  Habbx Capt.,  Corps  of  Engrs.,  U.  8.  A.,  Engr. 

Officer,  Dept.  of  Lnzon,  Manila,  Philip 

pine  Islands. 
Thohpbon,  Bemjahui IL    First    National    Bank.    Chattanooga, 

Tenn. 

Tdbbs,  Jo«xfh  Nelbon Gen.  Insp. ,  Stat*  Dept.  of  Pablic  Works, 

67  Eatgers  St.,  Kochaatar,  N.  1. 

TccKBa.L>8RB  Waum v.  187  Colnmbia  Heights,  Brooklyn,  N.  I. 

TABnaTAHTKB,  CBAfiutB  OscAB (Vandevaoter  £  Hood),   236  Park  Ave., 

Baltimore,  Md. 
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Atxihb,  HisoiA  Bedkirii Oona.  Eui(i.,  FUth  Ave.,  EBHt,  Bmelle, 

N.J. 

Bsnm,  Pbb Cue,  Am.  Bridge  Co.,  Atnbridge,  Pa. 

BrsNS,  Clinton  StncMSB Civ.,  Hydi.  and  Sao.  Engr.  (Bums  A 

McDonnell),  609  Dirigbt  Bldg.,  KansM 

Citj,  Mo. 
BOBHB,  Justin it^rat  Aest.   Edrt,   Canton- Haukoir  By., 

Canton,  China. 
DoBBVLiva,  BicHiHS  Gmhos Boom  91,  Flood  Bldg.,  S«n  Ftanoiaoo, 

Oal. 
Ei'mrsoM,  Howabd  NioHoiiia Chf.  Engr.,  United  HtAtea  Coal  A,  Coke 

Co.,  Oai?,  McDowell  Co.,  W.  Ta. 
Edwabdb,  Viasios  Bioelxi Ant.  to  Engr.,  Bridges  and  Bldgs.,  B.  & 

0.  B.  B.,  hi.  Boyal  Station,  Baltimore, 

Md. 
Fibs,  JoBNOHABLisLouvBBinT  ....Aasoo.  Prof.,  Civ.  Eng.,  L.  S.  Jt.  Univ.; 

Flea.,  Board  of  Health  of  Palo  Alio, 

383  Lincoln  Ave.,  Palo  Alto,  Cal. 
OiVBOK,  *»p»m\i Aaat.  Engr.,  Cons.  Engr. 'a  Offloe,  Ifanila, 

Philippine  Islands. 

Hiu,  Thiodobe  Wiujui 613  The  Masb;,  Toledo,  Ohio. 

HoMAN,  WiLLUM  MioLkak Bethlehem,  Orange  Biver  Oolonj,  Sonth 

HowB,  GaOBaK  Edwabd Care,    City   Engr.'a    Office,   Colnmbna, 

Ohio. 

LuwBLLTN,  FuEDmoK  Thoiub Care,  Am.  Bridge  Co.  of  N.  T.,  100 Broad- 
way, New  York  City. 

Paskkb,  Chabus  Fsedebio.  .......  (Sopt.  of  Socavon  Mines),  Cia.  Minera  de 

Penoles,  La  Ojaela,  Mapimi,  Darango, 
Ueiico. 

Shite,  Pkhbbbion Bepiesentative,  U.  S.  Ste«m«diiatB  Ex- 
port Co.,  Bnenos  -Aires,  Ai^entini 
Bepnblic. 

Thohpbok,  Abthub  WsBsna Sopt.,  Wheeling  Div.,  B.  A  O.  By- 
Wheeling,  W.  Va. 

ToBNXB,  Qboboe  Dallas  Bimn Gen.  Mgr.,  J.  I.  C.  Min,  &  Milling  Co.. 

Box  377,  Salt  Lake  City,  Dtah. 

Wattv,  GutBsnnkti Pres.  and  Treaa.,  Qny  B.  WaiteCo.,  1919 

Seventh  Ave.,  New  York  City. 

Waldxon,  Sahukl  Faybon Care.  Am,  Bridge  Co.,  7  West  92d  St., 

New  York  City. 

WASKtNOTOti,  HakhtEbhond -Asst.  Ei^.,C.,  N.  O.  IT.  P.  By.  Co.,  66 

Ingalls  Bldg.,  Cincinnati,  Ohio. 


Bdswzll,  Bobbbt  Lehhom 197  Colombia  Heights,  Brooklyn,  N.  Y, 

Davis,  Qbobob  Jaoob,  Jr Hydr.  and  San.  Engr.,  20  Grant  Bldg., 

Atlanta,  G«. 
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Fobs,  JoBH  HiaBiBOii Asst,     Eogr.,    EomakiM    Dltoh,    Hnelo, 

Maui,  Haw&ii. 

HAxaHBASGBK,  EuoR  DwioBT 630  Spring  St.,  St.  Lonia,  Ho. 

HowBs,  Balph  Holt. 619  S.  Warren  St,  STncnBe,  N,  T. 

Rrmton,  WuAAAM  KiRPKB Looftling    Eagr.,    Canton-Hankow     Bf. 

(Imperial  Chinese  By.  Admiuiitntion), 

Hbangluu,  China. 
Sawtkk,  WiE.Bro  CnuB Aaat.   Engr.,   U.   8.    Qeologioal    Surrey, 

WaaluDgton,  D.  G. 
Spkvckb,  IjOuibBunibii CoiiB.   EngT.,   Box   377,   Salt  Lake  City, 

UUk. 
TKTra,  Esi.!  Lkbot Aaet.   Engr.,   Paoiflc  Else.   By.  Oo,,  711 

Eenaington  Ed.,  Lot  Ang«lei,  Oal. 

DABwm,  Haskt  Ouabbt Engr.  in  Ckg.  of  S»n.  Inspeotion,  Haok- 

enwck  Water  Co.,  Mew  Uilford;  Ad- 
dreia,  84  ainton  Fl.,  Hockanaaek, 
N.J. 
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CURRENT   BNOIITBBRIITQ    LITERATURE. 


[Societj 


MONTHLY  LIST  OF   RECENT   eNOINBERINO  ARTICLES  OF 
INTEREST. 

(FebniBry  9th  to  March  7th,  1904.) 
NoTK.  —  This  list  i»  published  for  the  purpose  of  placing  before  themembrr 
of  the  Society  the  titUt  of  current  engineering  ariiclen,  ahich  can  be  referre 
lo  in  any  availabie  engineering  library,  or  can  be  procured  by  addretaiv 
Ihe  publicalion  directly,  Iha  address  and  price  being  given  leherevt 
possible. 

UST  OP  PUBLICATIONS. 
In  the  tabjoined  list  of  articles  references  are  given  by  Ihe  number  prt 
fixed  to  each  journal  in  this  lint. 
(!)  Journal.  Abwk.  Eng.  Soc.  KT  South 
Fonnh  Bc.PtiiladelphlB,  Ps.,  SOc. 
{»)  Proeeedingi.  Engrs.  Club  ot  Phila., 
IIXK  Olrard  Ht..  Phlladelpblo.  Pb. 

(3)  Jouriutt.    FrsnkliD    Ingt.,    Phllulel- 

phlB,  P&..  BDc. 

(4)  Journal,  Western  Soc.  of  Engrs,,  Ho- 

nadDOck  Block,  Chictwo.  HI. 
(B)  IVvnHclriona.  Cao.  Soc.  C.  E..  Mon- 
Creal,  Qne.,  CaoBda. 

(6)  School  of  Minei  tiuarUrly.  Columbia 

UnlT.,  New  York  C(ly,  GOo. 

(7)  Technatogg   QuarierlD,  Mass.     tiut. 

Tecb,.  Boscon,  Han..  75c. 

(5)  Slevetu  IntUlvU  Indicator,  Bt«ienB 

Inat.,  Hoboken,  tJ.  J„  Wte. 
(9)  Bnaineering   Vooaifnt,    New   York 
City,  SBc. 
(■a)  Oattitr'i  Uagazine,  New  York  City, 


»c. 


(as)  NouvtUf  Annate*  de  la   Conttrm 
lion,  PatlR,  France. 

(36)  La  Rtvut  Technidue.  Paris.  Fiance. 

(37)  Rei)iiedfi/i^«iBioi«,PBri».Fraiict 

(38)  Rtvvt  Qtniratt  dea  Chmint  de  » 

et  det  rramunui.  Paris.  France. 
(30)   Batlirau  Slaiter  Hfchanic,  UMc«li 

111.,  lOc. 
Uo>  Ba(Itniv-lfi«.  ChlcaKp.  III.,  10c. 
Ui)    Wa(l<m3((ieMn<rv,CIilcatro.IlI.,I0c. 
(4»   IVaniaclioni.  AiD.lDst.  Elec.  EDRn. 

New  York  City,  BOc. 

(43)  Annaltt    de,    fiont,    et    Cka%utitt 

(44)  Jourxat.    Military   Rerrlce    ItlBtlUi 

tloD.  aoTerDor-a  Island,  Ne*  Yorl 


W.  H.  Wiley,       (43)  Mint 


(■■>  SBOineerinff  II 

New  Tori  City.  »c. 
(!■)  I»«ffnrtn*er(Lon(lon),l 

NewaCo.,  New  York  1 

IiJ)  Etiginftnnu  atwt.  New  York  City, 

(■4)  Tftt  Bnoineering  Rtcord,  New  York 

City,  ISc. 
(■B)  Haitroad  Oatelle,  New  York  City. 


City,  n 

V  York 


(II)  a 


I  Raj  J  KM 


New  York 


City,  Mr., 
(it)  fiaUicav   and   £n^ 

Chicago,  m.,  10c, 
IIS)  SeitniifleAmencanSupptemtnt.Setr 

York  City.  ICc. 
(■<>)  fron  Aor,  New  York  City,  10c. 
(a  I )  Ka jlwow    Engij ' — -' — 


(Ml  Iron 
(M)  Bui?. 


i.iSc. 


l-ODdon,     Eng. 

il  Trade>  Eevitic,  Lon- 

iDd  Steel 

Liglit  Journat,  New 

i«r.  New  York  City, 

EnglBDi 


Enslai 
A^oc.',  PhliadeipbU,"fti. 
■k  Cltj 
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The  Berklmer  Viaduct  for  the  Utlca  &  Hobawk  Valley  Railway.*    Wilbur  J,  Walaoo, 

AwM.  M.  Am.  eoc.  C.  E.    (i4)Feb.  BT. 
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, jomsburg,  E*,*    L.  8,  Levy,    (ay)  Feb 

Service  Power  Plant  of  the  Louisiana   Purchase  Exposition 
Feb.  «. 
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H.*/   rs*)  VoLiM. 
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A  ComparBtiTe  Oil  Test,    William  F.  Parish.  Jr..  JuD.  Am.  Soc.  M.  E.    (Ml  vrt.«. 
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A  Turbo-Electric  Wagon.*    147)  Feb.  SO. 
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Turbines  and  ynperbeatfld  Steam.    W.  U.  Booth.    (iitlFeb.SB. 
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Notoa  OD  the  Curtis  Turbine.*    V.  Bamuelwii.    (Abrtnut  of  Paper  read  before  the 

Ku«b;EiiK.  Boc)    (36)  Serial  beglDDlUK  Feb.  8S. 
WeMlDghoDse  Qu  Englnea.*    (>6)  Feb.  BS. 
An  Alleo  HUh-8peed  Triple  EzpaiulaD  Engine     <73)  Feb.  M. 
The  BruA-^rKHu Bteam Turbine.*    WllUam  Chilton.    (Abetntctof  Paper  rrad  before 

the  but.  of  Elec.  EDgra.)    (73)  Feb.  K. 
British  Aasociatlon  Small  Screw  Oaun  Committee:  Report.*    <TjJ  Feb.  99. 
American  Duinu  of  Qaa  and  Oil  En^ea.*    U;)  Berial  beKinoluE  Feb.  vr, 
Proddcer  Oai*   A,  Hmnboldt-Sexton.    (47)  Serial  beghming  Fob.  ST, 
Teats  of  High-Speed  Tool  Steels.    (18)  Feb.  ST. 
The  Plelock  Superheater  Sntem.*    (|8)  Feb.  W. 
Tlie  Layiucot  High  and  Lov  Preonire  (itlTerl  Oas  Lines.*   H.  C.  Hoiris.    (Paper  read 

befi»^QiqHlc&.  OasAwoc.)    O4)  Feb.m. 
TheLaytngofHalnaandServioea  and  the  Beoordlog  of  Same.    John  Hellen.    (Paper 

read  btfore  the  HIch.  Gas  Asaoo.)   (m)  Feb.  n. 
LnlnSeHtiaE  Olta  and  Their  Properties:  How  to  Test  Tbem  and  Detect  Adulterations.* 

WUUam  H.  Davis.    (64)  Har. 
Drum-HnMl  CastDK  tor  Flywheels.*   E.  E.  Clock.    {64)  Mr- 
Further  Detai^^lhe  Coekerlll  Qas  Engine.*   <  64)  Mar. 


BunUnK  Powdered  CoaL*    H.  J.  TraTlH.     (A4)  Har. 

Unk  MoUona  as  Applied  to  Boiling  UIU  BngUiea.*    I64)  VMr. 

Co«t  Chart  tor  Steaun  and  Oas  Power  Plants.    J.  B.  BIbblDS. 


>  'W«. 


Hethodaand  Resilts  of  Bhep-Tastlng  of  Steam  Turbtnes.*   J.  R.  BIbblns,  A«aoa.  Am. 

Inst.  B.E.    (13)  Blar.  8. 
Safety  Berloes  for  Hjdraullc  Raota.   Frank  B.  Klelnhana,  H.  Am.  Soc.  U.  £.    (13) 


A  Pressed  Steel  Shaft  Hanger.* 

itne  witl 
ir~beuru  of~the  Reeves  Steam 


>rgBnll-lni;hangleBoltThreader.*    (M,  _ 
Heav7  Boring  Latne  with  Hvdraullc  Feed,* 


lavy  Boring  Latne  with  HydrauL ._. .    .. 

Capltalne's  Crank-Pfa  Turning  Machine.*    (15)  Mar.  «. 

o ., —  „ — ,._  -.^^.  „ D. Engine.*    (14)  Har.  S. 

Provence.*    H.Degeay. 


l«FabrlcaClonH«caalquadeeTulJeaen  Provence.*    H.Degeay.    <3S)  Serial  beginning 
VehtcuieBAatomobnesLounls,fcP«troleona  Vapeur.*    L.  Plerre-QuMon.    (34)  Serial 


lageauE  Combustibles  LIqulde&*    (34)  Feb. 

.jd'Explodon  dee  Valves  en  Fonte  Oes  Condultes  de  Vapeur.*    Sylvaln  Pfirieae. 
13)  Feb.  6. 

^ '-  de  I'AutomobaiKme  en  1908:  Les  Princlpales  Sprenves  de  I'ADDAe.    F. 

(33}  Serial  beginning  Feb.  U. 


Les  Frc«r«e 
Droiun. 


The  Kesctions  of  the  ZlervoKel  Proceas  and  Their  Temperature-LImlte.*    Robert  Henry 

Bradford.    (s6l  Tol.  88. 
The  Effect  of  Re^nUng  upon  the  Coarse  Structure  of  Over-Heated  Steel.    K.  Frederlk 

QSrauBson.     IsO)  Vol.  88. 
Ttw  Direct  CranldlnK  of  Wel-Crushed  Ores  In  New  Zealand.    Hamilton  n  ingste.    (96) 

Vol.  88.  , 

Noteson  the  Treatment  of  Zinc- Precipitate  Obtained  In  Cyanlding  New  Zealand  Ore. 

Hamilton  Wlngate.    (56)  Vol.  88. 
Truck-Support  tor  Kumaee-Bottoms.*    Henry  A.  Mather,    (sd)  Vol.  88. 
TheCampBlrdMtlt.    Thomas  H.  Woods  and  Godfrey  D.  Dovelon.    (16)  Vol.  83. 
Puddled  Iron  and  Mechanical  Means  for  Its  Production.*   James  P.  See.    (36)  Vol.  sa. 
The  Elimination  ot  Arsenic,  Antimony  and  Bismuth  from  Copper.    Allau  Olbb.    {56) 

V0I.8S, 
An  -'All-Fire"  Uetbod  for  the  Assay  of  Cold  and  Silver  In   Blister-Copper.    Walter  O. 

PerUns.    (ijO)  Vol.  88. 
SpeciacatlonsrorSteelForgingsandSleeiCaetings.   William  R.  Webster.    (sO)Vol.3S. 
Tlie_pevelopment  of  the  Bessemer  Prooees  tor  Small  Charges,    Bradley  Stoughton.  (sd> 

f  Tellurium  on  Brass.    EirwlD  I 
WilUnm  M.  Courtis.    {s«)  ' 
muuuLu  ui  ^teel.    C.  H.  Rid-"-'-     —  >  " 
Note  on  the  Manufacture  of 

Vol.  «. 
The  Influence  of  Silicon  on '      _ 
Some  Further  Experiments  on  the  Diffusion  0I 

beU.    (71)  Vol.  M. 
Notes  on  tbe  Heat  Treatment  of  Steel  Ralls  High  in  Mangaoese.    J.  S.  Lloyd.    (; 

The  Heat  Treatment  of  Steel,*    William  Campbell.    (A  report  on  research  carried  o 

duriuglBOS.)    (7i)Vol.tH. 
The  BunJng  and  Overheating  of  SteeL*    Alfred  StansQeld.    (71)  Vol.  M. 


b,GoogIc 
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<  BrlqueUlDf  or  ITOD  Or«.    A.  Weleltopf.    (Paper  read  before  the  HId.  (md  Met»l. 
ConK.BtTlsTuu.)    (71)  Vol.  64. 

>yiiaIroDaiii]  Tunjjstea'   R.  A.  Badfleld,    (71)  ToL.  M. 
iRoBloratknotDwigeroaBly  CiyBUlLineBteel  t)7  Heat  Treatment.*    J.  E.  Stead  and 


ArtburW.  Rbcharda:    (Til  

SorMtic  Steel  BitllB.*    J.  K.  Stead  and  Arthur  W.  Richards.    (7i)Vol.S4.  _ 

Proportlou  o(  Begeneratlte  Qas  Furnacea,  vlth  Special  ReferenoB  to  Opeii-Bearth  Por- 

■   H.  D.  Uen.    (j)  Jan. 

ns  ot  Wbole  Sheets  of  Iron.*    (ii)  Jan,  U. 


'nieHlonecyiaWorluM^ieColonuloFuelaD^  Iron^CoiapaDy^    (a>)  Jao.  B9. 


Magnetic  Tesu  ot 

"^le  Hbineqaa  Wc 

_  TrapeiDidal  gUmn  Axttator.*    Courteoar  I> , 

Ed ttarda' Mechanleal  Ore-Roaatiiig  Furnace.*    F.  DanTen  Power.    <■«)  Peb.  1-. 
HetaUursy  aa  AppUed  In  EnktiMMlDg.    Archibald  F.  Head,  U.  Inet.  C.  E.    (Address  de- 

UveredlotheStailentsotUielnat.  of  Civ.  Engn.)    (11)  Feb.  IE. 
Alnmloo-ThennicsaiHlItaUMeforWeldinsaDdHetallurelcalPiirpoeea.*   (ij)  Feb.  IB. 
Thermit:  Its  Applioatlon  b>  HMalluivlcBl  Engineering.    C.  V.  Boys.    {19)  Feb.  U. 
DIaaolvedOzldetai  Cast  Iron,    (47}  Feb.  IS, 
The  WsDDer  Prromeler.*    (so)  Feb.  IB. 
Ferroolcliel  Direct  from  Pyrrbotite.*    EmM  A.  SiO»t«dt.    {Paperread  before  the  New 

EtaslandFonndrymen'a  ABBoc.)    (x>)  Feb.  IB. 
The  Semisolid  Slate  In  HataU.    Thomaa  Turner.    ( Paper  read  beic 

Iron  and  Steel  Iiut.)    I63)  Serial,  lM«lnnlnK  Feb.  18! 

lyii  of  Iron  and  Steal. 

■  Determination  <4  Oo- , 

tlie^DUTnolotllieCbem^Melal.aiulMIn.  Socof  B.  ^rlca.)    ()<)  V 
""       Ions  tor  Cbat  Iron  Pipe  and  Special  GBBtloKB.  (Propo 


Blliut.)    (6a) 

Alloy*  of  Iron  and  Steal.    R.  A.  Hadflekf.    (47)Feb,ai. 

~>e  Determination  <tf  Gold  In  Cyanide  Solu^ong.    A.  PriBter.    (Abstract  from  Paper  In 

■'-'  • "idheCammyMelal.a-^"'-  " '"     "-■"  ■    "'■  — ■■  ~ 


lals.)   T«o)  Feb.  «;  (*«)  Mar.  T. 
irbrldge.    (6j)  Feb.W. 

An'Antomatic  temperatiire  Detector  ior  ^lied  ^leel.*    (47)  Feb,  £T, 

A  Hetbod  for  the  Mrect  Determination  of  Alumina.    Chaa,  E,  Buenr.    (itijBlar.S. 

The  Payne-QUllee  Copper  Proceea.    F.  Danyers  Power.    (16)  Uar.t. 


Stael  Caatliuts.    C.  W.  OenDet,  Jr.    (lai  Feb.  St. 


Determining  the  Sice  of  HolstlnK-Planta.*    Edward  B.  Durham,    (gft)  Vol,  St. 
Holee  on  tbe  Cost  of  Hydraulic  Hln lag  In  CalUomla.    W.  E.  Thome.     {5A)  Vol.  88. 
The  ValuaUon  of  Hlnen  of  I>efinlte  ATerage  Inoome.     H.  D.  Hoakold.    <s^)  Vol. ». 
The  (Jold-Fleld  of  the  State  of  Mlnas  Oeraea.  Brazil.*    (sO)  VoL  88, 
The  Camp  Bird  Mine,  Ouray.  Colorado:  Minlns  and  Ore-Tnuuportatlon.*     Chester 

Wells  >urlngton.    (56)  Vol.  88. 
The  Mauganeae  Industry  of  the  Department  Of  Panama.  Republic  of  Ccdumbla.*    E. 

OI^UBmB.    (a6)  Vol.  8S. 
The  Mining  Iniustiy  of  Che  Cceur  d'Alenes,  Idaho,*    J.  B.  FInlay.      (36)  Vol.  88, 
Pnmping  Plane  at  the  HlikeColtlerlea,  Japan.*    (ii)  Jan.  89. 
Campoaud  Winding  Engine  at  Sherwood  Colliery.*     Charles  H.  Heathcote.      (>a) 

Ad.  ae. 

An  Improred  Haulage  Clip.*    (gy)  Jan.  SB. 

Report  at  the  Electric"-  '-  "'—  •  " '■' 

Anlluacite  Mine  SuTTi.,  .-„ ,.., 

Elecliical  Wlndlu  Enginea.*    R.  Herzteld.    <ii)Feb.l9. 

Blecblc  Hanlanln  HMal  MlnM.    W.  N.  Clark.    (To  t>e  read  before  the  Tech.  and  En;. 

doc.  Slate  School  of  Ulnes,  (Colorado.)    <i6j  Feb.  n. 
He^anlW SI«t«-Ptekera^  (16)  Feb^K^ 

(Abstract  of  Paper 


fflce  Equipment*    John  HcQeorge.    (SS)  Vol.  84. 

_      __  Committee  Appol-'-"  '~  ■" '*■-  * •-  '- 

■etrlc  System.    (Am.  S 


Beportof  Committee  Appointed  10  Discuss  the  Anumente  In  Favorof  and  A^oinstCbe 
■"-■-■-  "-Item.    (Am.  80c,  M  E.)    (■■)  Vol.  94. 

ilutlon  of  the  Problem  of  Weights  and  H 


.     (as)  VoL  W. 

, 1.    FTA-Halsey.M 

L'EipMltioD  UnlTerseliede  Balni-Xjc 


The  Metric  System. 


lart.  (Paper 
.,  , ,)  Feb.  18. 

Maintenance  of  Asphalt  FBTcmentA  Id  Washington,  D.  C.  H,  C.  Newcomer.  (13) 
Feb.  18. 

Road  HaldDg  In  BmxtoD,  EDglaDd,*   John  Hattan.    (SO)  Mar. 

The  Philade^ihla  Oas  Ei«lne  Pumping  Station  for  Fire  Serrioe.*    (14)  Mar.  8. 

Pnnpe  ft  Incendle  Automobile.*   P.  Drouln,    (jj)  Feb.  B. 
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I  RcBtotaooa  FunnuU.    John  Bklcb  Blood,  Amoc  H.  Am.  Boc  V 


iDTBstlsMlon  IdIo  the  Btnaaaa  aod  Strain*  in  Axlea  uui  WbMl»  Id 
B.  Blndl.    (6s>  Jan.  IE. 
e  d(  Cliaroiml  Iron  RalLvaj  Boiler  Tubes,*    Oeo.  O,  Cwwford.    (Ai) 

RUnoed  Compound  LocomotlTee.*    A.  tod  Borria*.    (ij)Jui.  W. 

ite Ownen' wagons.*   <>i|  Feb. 

Atlantic  "  Cns^n;  North  EaBiernRBllwBir.*    (at)  Feti. 

r  Car:  TWT  Vale  RAllwsf.*    ml  Feb, 

■Point  Lock  and  DetoctOT.*    <ti)  Feb. 

icilr  Coal  Can:  Chkseo-  Hilwaukee  S  Bt.  Paul  Railway.*    (M)  Feb. 

UDd  LocomollTc:  Oreat  Wentern  Kaliwa;  ol  Englatid.*     (39)  Feb. 

It  ItaTlcc.  C.  Q.  W.  Ry.*    (391  Feb. 

snln  oC  Uie  Chlcatro,  Milwaukee  ft  St.  Paul  B^lwa)'  at  West  MUwaukM.* 

Box*    (39)  Feb. 
t  a  Modern  Railwar  Paint  Sbop.     W.  O.  Qneat.    (39)  Serial  beglnnli^ 

£P.By.atEaatHolIae,lll.*    (iS)  Feb.  B. 


?ffiS»„ 


il  Serial  bf^liinlnK  F< 


Joucnat-Box  with  Outride  Duat  Guard.*    (ig)  F 
"-  Tmln.*    (40)  F---  •" 


lerlckaboni  A  Potomac  BeTlaion.*  tto)  F 
rCB  LocomotiTe  for  India.*  (40)  Feb.  IS. 
ii  Central  Yard  Connruotlon.'    I40)  Feb.  II. 


Locomotive  for  India.* 

intra)  Yard  CooBtruotloL.      „_, ._. 

Oakland  &  Ban  Joa«  Hallway:  "The  Key  Route."*    (13)  Serial 


fb^lS. 

Lcwoniotl%«.'*""(i8)°  Feb!  18. 

_..  at  tbe  Louisiana  Purct        ~ 

porOoii.*    F.  K.Caawell.    ||8)  Feb.  ia,  _ 

re  as  a  Detriment  to  tbe  Bucceaslul  Operation  of  a  LocomoUTe.    Q.  W. 
itract  of  F^wr  TMd  before  Clie  St,  Lrmis  Ry.  Club.)    (iBl  Feb.  IS. 
Inder  Compound  Locomotive.*    (471"-^  " 


k  Simla,  C.,C.*L.B.R.* 

ral  ndOc  Type  LocomotlvH 

ia  R.  R  Exhibit  at  tbe  Louisiana  Purchage  Zzpooltlon. 


>r and  Da;  (^ra* 


,,jj_,...,i 


Some  Enstneerlns  Approilmatloof :  Formulai  for  EleTatlon  of  Out«r 
rea.    W.  D.  Taylor,  IT  Am.  Soc.  C.  E.    (         -  ■    -" 
ler  LocomotiTe  tor  the  North-Eaat^ni  I 
B  ExperitMEita.    Cliartea  RouB-Harten. 
e  Caledonian  BaDway  of  Scotland.*    ' 


, Soc.  C.  E.    (lai  Feb.  la 

ler  LocomotiTe  tor  the  N'orth-Eart'rD  Railway.*    (11)  Feb.  19. 

„_»,»-»„..—., (■«!  K  '    " 

.  Frame  Tank  Car.*    lis)  Feb.  IB. 

idllnnLocomotlre*  at  Terminals.    Charlee  H.  Fry.    (igjFeb.UI. 

k  Sltniats  and  Interlooklng  OD  the  New  York  A  Long  Biaocb  BaOroad.* 

.    J.  L.  Bothwell.     (14)  Feb.  W. 

._ ,,.J  Feb.  BO.  _ 

renders.    David  Van  Alstyne.    (Paper  read  before  the  Iowa  Ry.  Club.) 

lomlcal  Load  for  a  LocomotiTe.    Chan,  T,  Nojee.    (Abstract  of  Paper 
the  Paclfle  Coast  Ry.  Club.)    (18)  Serial  beglnnlDic  Feb.  W. 
'ork  on  theBouthern  Indiana  Railway.*    (13)  Feb,  S». 
3se  of  Block  Signals.*    lis)  Feb.  ».  „ 

Automatic  Signals  in  Cold  Weather.    H.  S.  Balllet.    (is)  Feb  flS. 
idhousea*    (iii  Feb.  ae. 

I  Saint  Louis  'Terminal  StatloD.*    {40)  Feb.  M. 
i  Shopa  of  the  Rock  Taland.*    (40)  Feb.  W. 

Ine  CompetlUTe  TeaU  of  Capacity,  Power  Consumption  and  Efflclencv 
lien  Compreaeors  Cor  Brake  Service.    Edward  H.  Dewson.    (17)  Feb.  tf. 

-      -  -^   -----      ~    Ftto.2r.         ..     .    .     _.   _ 

..  CwiUron'OarmSils.    . ,., _ 

Electro-OaaSiniala  on  iheNorth-EBBtem  Railway.    (18)  Feb.  ST. 

Mtsof  BnkeBeuDs:  Bled  i-s.  Wooden  Beams,     (aa)  Har. 

■wenger  LooomotlTes:  4-t-a  (Paclflc)  Type,  N.  IT  C.  &  H.  R.  R.  I 


b,  Google 
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ItillnMd-(CaBtlBHad). 

A  nanrnkrlunn  nt  OniulAr  UHl  RscluiKUlar  Encliie  Hfnum.    (13 1  Mkr,  S. 

t  Railroads  od  Latln-AmeiicaD  Stability.    Edward  P.  Sorth,  U 

.IB)  Mar.  4. 

Fuel  TMs  OD  tlu  Furoeaa  Railroad.  Boglaod. 


Soc.  C.  E.    (ig)  Ml 

.  _    _  tluFuroeaa  Railroad.  Boglaod.    (is>Uar.4, 
irCanlorUieHllnukwRefiiKeralarTniiuit  Company.*    (i()  Mar.  1. 


The  ImproTsmrata  mi  Uie  Big  Toui  Line  biMwwD  Lawrenoebiu^  Junctiim  and  Sun 

man*    (14)  Uar.  S. 
ThaCmmrucUonotChs  Texas  £  Oklahoma  Railroad.*   Robert  P.PowelL    (14)  Sar.  B 


Tbe  Great  Nortbern  &  Citj  Rallvay.*    <I7)  Mar.  5. 

Terminals  at  Uie  St.  LouiaEnHMltlon.*    (17;  Mar.  S. 

Eleciripl^  as  a  aubstltute  tor  3t«am  in  tleaTy  Railroad  SerTloe.    Arthur  M.  WalU. 


Air  Brake  tor  Electric  Rallwan.* 
'*-  " — •  Nonbem  A  Otty  RaUva; 
it  the  St.  Louia  EJ^hmKIoi 

Block  fflKoats.    A.  M.  Scboyer.    (Paper  read  before  the  Ry.  Club  ol  Filtaburg.)    (40) 

Har.4:  (ig)  Jfar.  B. 
Conaolidation  Locomotire  tor  Southern  Railway.*    I40I  Har.  4. 
Baldwin  Atlantic  Type  Compound  LooomotlTe,  C.  H.  £  Ot.  P.  Ry.*    (iS)  Mar.  S. 
The  Relief  Valve  In  I-ocomotlve  Operation.    (18)  Mar.  (I, 
Steam  Economy  In  Ihe  Locomotlce.    J.  B.  Altree.    (Paper  read  before  the  Bt.  Louis  Ry. 

Clab.)    (18)  Mar.  G. 
European  Electrically  Opemted  Car  Transporteni.*    Frank  C.  Perkliia.    (18)  Mar.  B. 
ANswTypeotRaU.*    ti9)Mar.B. 
Lee  Voliuree  Automotrices  de  ChemloB  de  Fer  k  Vapeur  et  A  Pttrole.*    L.  Turean. 

•31)  Nov. 
Etndn  den  Mouvement«  aecmdalrea  aur  les  Vfihlculea  en    Marche.*     M.   SabourM. 

(jSi  Feb. 
Notemrlpi  EaaaU  ESectutaen  Herrlce  Courantet  AI'AJde  d'lndlcateuri  dePreadon 

sur  lea  Locomoliven  Compouod  At  Cyllodraa  et  t  fl  Rouea  AocouplAesde  laCom- 

punieduMidl*    Marcbls et H«D«trier.    138 >  Feb. 
Tmioel  Fand«  aur  Pieui  A  Via   de    FenmiylTaalB  aad  LoDE-lslaiid  Railroad.*    (33) 

\tzml  London  Railway:  Aacenaeura  HydrauUquee  de  la  Station  de 

Railroad,  Street. 

Holes  OD  the  Conatruction  of  an  Electric  Road  and  Power- House  at  Morgantown,  Weat 

VInclnla.*    Walter Loring  Webb.    <il  Jan. 
Derelopment  ot  the  Brill  Syaiem  of  Trucka  for  Electric  Motor  Can.'    Wm.  S.  Heulinga. 

"Tangential"  I'racllon.*    (yj)  Jan.  W. 
A  Tramwaya  Telephone  Sy atom.*    <75>  Jan.  SB. 
Coodult  Pennanent  Way  (or  Tramways.*    <ii>  Ff-h 
s. "-— 'nr  Public  Beryics.*    Ttiomaa  Clarksoi 


XaacheMer  Street  Power  Statloo  of  tbe  Rhode  Island  Compaoy,  Prorldeuce.* 

Bertai  beginning  Feb.  Su. 
WMtln^houaeKornSlDgle-Pbaaa  Railway  Motor.*    (i7|Feb.M). 
Railway  Power  Plant  at  PniTldence,R.  I.*    iiylFeb.M. 
An  Eipninieotal  Electric  Railroad.*    (■«)  Feb.  W. 
The  Lanune Single-Phase  Railway  Motor.'    |>7>  Feb.  10. 
MaiKhevter  Corporalkni  Tramways:  Tbe  Permanent  Way.  Overbead  Equipmen' 

Roll mg  Stock.   J.  H.  HcElroy.    (Abstract  ot  Paper  read  before  the  Inst,  of 


The  Barklng-Becton  Light  Railway.*    (73I  Feb.  M. 

Spedal  Pnetimatlc  Lock  tor  ttie  Harlem  River  Tunnel.*    (14)  Feb.  XT, 

The  AllematlDg  Railway  Mowr  Situation,    l^uls  Bell.    {iilFeb.KT. 

Ball  Joints  and  Their  Relation  to  Faremenla.  C.  R.  Van  ^usklrk.  (Paper  read  before 
the  Brooklyn  BngiDeers'  CHub. )    (17)  Feb.  27. 

EmcteDcy  Teat  ot  1  »0  Kilowatt  Steam  Turbine  f(>r  Loterborough  Rapid  Tranalt  Com- 
pany, New  York  City.*    A.  M.  Mattlce.    (64)  Uar. 

TTreproofCarator  New T-ork  Subway.'    (ist  Mar,;  (igl  Feb.  IS. 

A  Proposed  Solution  of  tbe  Brooklyn  Bridge  Terminal  Problem.*     S.  S.  Kelt.    (13) 

ErenlDD  ot  the  Weatchestor  Elevated  Railway.*    (14)  Mar.  S. 

Section  Five  A,  Second  DlTlaloa,  New  York  Rapid  Tramtlt  Railroad,*    (14)  Mar.  G. 

Tlu  New  York  and  Brooklyn  Tunnel  for  (he  Rapid  Transit  Railroad.*   (14)  Serial  beglD- 

nlngMar.  6. 
Pneumatic  Station  Indicator  tor  Subway  and  Elevated  SyBtema.*    ( 17)  Mar.  E. 
New  Cars  tor  Detroit.*    (iT)Mar.5. 
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t-(Comttmmta}. 
w  K-W  CoulroUer  lor  tike  St.  Louis  Tnunlt  Compaoy.*    (it)  Hai.  E. 


The Hftox  Bectrlc  Ballwu*    Itjy  Mar.  S. 

The  TrBmwtty  StbUuii  or  Bkth.  I^laiid.*    (it)  Mar.  B 

The  Fused  BtMl-Tlred  Wbeel.*   EDOiTsrIor.    Ii?)  Hi 

Cut-Weldfld  JoUita.    Alben  B.  Henick.    (17)  Uw.  G. 

AiKomBtlc  Balliraj  Switch.*    (rr)  Mar.  5. 

The  First  OmiiDentlAl  Electric  Street  Rallwar  in  AmerloL*    (>7)  MsJ". 

Psst.  Present  sitd  rntare  ot  Electric  Tractloo.    Frank  J.  Sprekue.    ( 17 

The  Ward  Lsonard  Stnete-Fhase  LooomotlTo.*    Q.  T.  Haochett.    (37)  ? 

Great  Northern  A  City  Rallwav,  London.  England.*    (17)  Har.  S;  (rj)  ■ 

Apparell  de  SAcurlt^  "  SchuU     pour  Tramware  Blectrlques  &  Trolley  1 


The  BaoltsticKi  and  PropOKd  8eir«race  &Tat«n  of  Havana.  Cuba.    A.  E.  Carter,  Assoc. 

H.  Am.aoc.C.  £.    16)  No*. 
The  AllBcbeny  BlT«r.-  A  BacterioloRtoal  Problem.    W.  H.  Ingram,    (gg)  Dec. 
Sevace  Testuu  Apparatus.*   (■!>  Feb.  IS. 
fiome  RecentSmalT  Beware  PuriflcatioD  Plants.*    W.  8.  Shields    (AbBtraiit  of  Paper 

read  beTorethe  ludiaua  Ena.  Soc.)    1 14)  Feb.  IB. 
ANoTelCenterand  FonnfOTConcreMSever  Work.*    ri3)Peb.16. 
Typhoid  Fever  Hutory  and  ihe  Water  Suimly  or  PIttsburK,  AUMheoy  and  Vldalty.* 

(13I  Feb  K. 


D  the  Valleys  ot  the  Ra^way  and  E 
icy.-    <.ui  "ar.  0. 

The  Slegwart  FerTO^Conc 
The  Becord  ot  the  rtre-Fi 

Conctnlng  the  Fallureai ,.„, 

DetaUedSludlesatFlreproofBiilldlnKsfaitheBaltlniareGoDflBaiation.*    (13)  Feb. «. 
Steel  Stmcturealn  the  Baltimore  Fire.*    <iol  Feb.  H;  (14)  Feb,  SO. 
The  Coet  of  Raw  Materials  io  Cement  Hanufacture.    Morris  M.  Oreen.    <6j)  Feb.  K. 
Detalls^of^thelArBe  Timber  Root  of  a  Public  Hhelter  Id  Taa  Gortlandt  Park,  Me*  York.* 

„  -.jd  Ice-HaklnK  Station,  Oaltport.  Hiss.*    ( 14)  Feb.  ST. 

£  Special  Beterence  to  (be  Dse  of  Natural  Bank  Qrarel,    Q^irge 


S.  PlersoD,  M.  Am.  80C.C.  E.    (Abstract  ot  Paper  read  before  the  Htcb.  Bng.  B 
■'■--    M»r. 

b   B.  B.  Mewbetry. 

Har. 


.60) 

OoDcreie.    B.  B.  Mewbetry.    (Abstract  of  Paper  rend  before  the  Indiana 


The  "Slot  System  "ot  Attaching  Shaft  Hangeraand  Fixturea  to  IDoncret»4t«el  Struct- 
ures.*   Henry  Parsons  Jones.    (i3)Har.8. 
CalKan  Foundattons  for  a  ijigt  BtHS-C^ge  Office  Building  on  Broadway,  New  York.* 
_    (14)  Mar.  6. 

Concrete  Plant  for  the  New  Union  Depot,  Washington.*    {14)  Har.  B. 
DlRlcultirs  and  HetbodBOt  Plastering  in  Winter.    D.  L.  Hsiich.    (i4>Kar,  S. 
Works  of  tlie  Smith  Premier  Typewriter  Company.  Syracuse.*    (14)  Serial  beginning 

The  Erectjon  ot  the  WaU  Street  Exchange  Btillding,  Mew  York.*    (14)  Mar.  G. 

Tflpograiihlcal. 

Mmachugettslnstituteaf  Technology  Tape  Apparatus.    (14)  Feb.  S7. 

Water  Supply. 

TnrbkB  Flow-Recorder.*    C.  M.  Alien,  Jun^  Am.  Soc.  H.  E.    iM)  Yirf.  M. 


An  Anslyalaof  the  "Commercial"  Valued  Water. INxier per  fforHi- Power  per  Ani 

A.  F.  Magle,  M.  Am.  Soc.  H.  E.  ((S)Vol.«. 
Water  Softening.*  James  O.  Handy.  (gS)  Dec. 
muatnled  Deacrlptlon  ot  Some  Filter  Plants  and  Beaults.*    Morris  Knowles. 

Dec. 


Water  Softening.' 

""""•^■"^    ^■■■"ipiion  01  Ewme  riiier  rianis  t 

FlIlArat     irpiknil  ITnntmjn        iuA,    «m. 

w.  H.  Ingram.    (b8>  Dec, 


An  American  Hydro  Electnc  Power  Plant.* 
"— Type  of  Puri'- — ~— -  ' —  "- 

Deaign  of  Wi 

FTDerelopme 
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C»L    (ij)  Feb.  IS. 


HtatoiTot  the  WaUr-Workaand  Clie  Amerlotn  SfiMm  of  Flltntion  »t 
■tii>.*  ^  A.  QIawlBr.    (i4>Feb.ia. 
iKFIwrts  for  the  C.^.  L  £  P.  By.*    (iS)Peb.ia. 
'  HiMotT  atid  tlie  watdr  Bnpior  M  PltUburR,  Allechoiy  eiiil  Vidultr.* 


■  Feed 

tarrot  theWaUr-WorkaudU 

*  ^  t  nuB-inn-     (lit  vsh  an 

(18)  Peb.ia. 
PltUbuTB,  A 

er  Plant  For  the  New  Cbastsr  Wa(«r  Compan;.*    ( 14)  Feb.  97. 

ad  Steel  Covered  Beaervolr  for  Hoylake  and  West  Klrby  Water  Works, 

(14I  Feb.»r. 
dmtHani.*    dS)  Feb.  W. 

alUtlon  of  Water.&oFtenlnB  Appantna  for  tbe  Sock  Ulud.'    (>5)  Mar. 
Kgb  Pressure  Water  Bupplr  SyBtem  for  Fin  ProtectiOD  In  CUcaco,'    (ij) 

of  Typhoid  FeTer  Ij 
LochSaven.  BalUmt 
the  WachuHtt  Dan 


BtloD  FlItntloD  FtaDt  for  the  New  HaTOn  Water  Compasy.* 

. .  Mar.  S. 

[thia  QaaXUKliiePiunpInK  Station  tor  Fire  Berrloa.*    (14)  Mar.S. 

faale  da  Mourement  VarM  de  I'Zau  dans  lee  Tuyaux  de  Condulte.   Z. 

Ij7)  Serial  bestnnlDS  Jan.  SI, 

e  la  Boclw  Calcalie  dea  Enrbxnia  de  TouraaL*   Cb.  Francois,    (jo)  Feb. 


-Shore  Floatiiix  Dock  tor  the  Bedherstleg  Schlff  gwertte  und  "-t"*- '""''*- 
ibiir«.»    (11)  Feb.  " 
DdMIl-J    (11)  F 
'8  Hartxnr  and  li 


Feb.  U. 

the  Vaioo  BlTer  DfTSr^on  Canal.    Walter  H.  Polk. 

^-„ ^ •   (ml  F«h.  an. 

uEwek 


Ian  on  the  Teltow  Oaiwl.'    {lylHv.G. 
iComiDlasloD Hterlando-Belie Cha»6e de  T 
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Harvard  College  LlbWF 

Deo.  11,  len. 

out  of 
H.  B.  Carter, 
•(BnokUm. 


OFFICERS    FOR   1904. 

AT«Uent,  CUAKLBS  HERMANT. 
fiee-fnMtHtt. 
Term  Kipim  Januarg,  tBOB:  Term  ejpirt*  Januarv,  i«iO; 

L.  r.  O.  BODBCAAEN.  F.  S.  CUBTI8. 

JAHSB  D.  BCHUTLER,  S.  U.  F.  DEYO. 

Secrttarg,  CHARLES  WARREN  HUNT. 
IVHnirer,  JOSEPH  M,  KNAP, 
Mrwlon. 
Tern  txpira  Jantiiry.  Term  eipirtt  Janwtry,  Term  exptrea  Ja 


RICHARD  S.  BUCK. 
OEOROK  H.  PEQRAM, 
WILUAM  J.  WILOUS. 
WILLIAM  JACKSON, 
BDHX7ND  F.  VAN  HOE8BN. 
JAMES  L.  rRAZlER. 


ALFRED  CRAVEN.  CHARLES  B.  QOWEN. 

JOBBPEt  O.  OBOOOD.  NELSON  P,  LEWIS. 

OEOROE  B.  DAVISON.  JOHN  W.  ELLIS, 

B.  C,  LEWIS,  OEOROE  S.  WEBSTER. 

HUNTER  Mcdonald.  ralph  hodjeski. 

ELWOOD  HEAD.  CHARLES  D.  MARX. 


Aieitlatil  Secretart.  T.  J.  HcHINN. 


Standing   Committees. 


TSB  PUUDIHT  or  TBI  SOOtRT 

On  FMnnnce,- 
8,  L.  F.  DETO, 
L.  F.  O,  B0U8CAREN. 
RICHARD  B.  BUCK, 
WILLIAM  J,  WILOUS, 
CHARLES  B.  OOWEN. 


GEOROE  H.  PEORAM , 
ALFRED  CRAVEN. 
J08EFH  O.  OBGOOD, 
GEORGE  8.  DAVISON, 
HUNTER  MoDONALD, 


On  Libraru: 
NELSON  P,  LEWIB, 
WILLIAM  JACKSON, 
E.  C,  LEWIS, 
RALPH  MODJBSKL 
CHARLES  WARREN  HUNT. 


Special    Oommittees. 

On  UMirouf  Tisn  or  Cmuri :— OeorKe  8. 
QeoTge  F.  Snlu.  Alfred  Noble,  Louis  C.  Sabln. 
W,  B.  W.  Howe,  F,  H.  Lewis. 

Oir  Rail  Sbotioks: — L.  F.  Q,  BoneoKren.  C.  W,  Buchholi,  B,  H,  Felton,  Robert  W, 
HuDt,  John  D.  liaacB,  Blcherd  Monttort,  H.  O.  Prout.  Joeeph  T.  Rlcbenle.  PerclTBl 
RobertA,Jr,,Geor|eE.Tluclcra]',  Edmund  K.Tnnier,VlllluuR.  Webster. 


TbeHouwot  the  Society  Is  op«D  trom  Si.h.  to  10  rM,  every  day,  except  Sundi 
Fourth  of  July,  ThAnkBgliiiig  Dajr  end  ChiiitinM  Day. 

SovBS  or  THB  Sooivn— 990  Wist  Ftrrr-tmvwma^  Snnr,  Nbw  Tou. 
TiLBPHon  NmBiB.       -      •      -      UB  Colombua, 
CutiSADORBm,      ■      ■      .      .   "Ceas,NewToil," 
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AMEEIOAN  SOCIETY  OF  CIVIL  ENGINEEES. 

INSTITUTED    IBGS. 


PROCEEDINQS. 

This  Sodet)'  li  not  reaiKnulble,  u  m  body.  lor  the  facts  aixl  opinions  advanced 


SOCIETY  AFFAIRS. 

CONTENTS: 


Xlnntasof  HoetlnKs: 

Of  the  SocletT,  April  Btli  and  SOth,  ISM. . . 
le  Boud  of  DlrecUon,  April  Mi,  IVM. 


Hours  doiInK  which  the  BodetT  Bouse  la  open 

![«*%* 

AnnuaT  CoDrenuoD 

UnlTersnl  Bnnaltion,  St.  Louis,  1904 

InteroatloBal  Xugliieerliu;  CoDgrsn 

PriTHecasof  liocal  SodeSes  Extended  to  Members. 

Beiwrt  of  a  CommltUe  on  Slandardlzliix  AbbrevistlDns,  Sriiibola,  PancCiia- 

tloD,  etc.  Id  Teohnioal  Papers 

SesrcbM  In  the  IJbrar7 

kCceaalODS  to  the  Llbmy; 

Donations 

By  purchase. 

— <-nUp(Addit[onB  and  Changes  of  Addren) 

EnglneerlDg  Articles  of  Iat«r«8t. 


MINUTB5  OP  MEETINaS. 


OP  THE  SOCIETY. 


A|n-il  6th,  1904.— The  meeting  was  called  to  order  at  8.40  f.  h.  ; 
Alfred  Craven,  Director,  in  the  obair;  Chaa.  Warren  Hunt,  Secretary; 
and  present,  also,  182  members  and  46  gnests. 

The  minntee  of  the  meetings  of  Uarch  2d  and  16tb,  1904,  were 
approved  as  printed  in  the  Proceedings  for  March,  1904. 

The  paper  for  the  evening,  entitled  "A  Phenomenal  Land  Slide," 
by  D.  D.  Clarke,  M.  Am.  800.  C.  E.,  waa  read  by  title,  and  the  Secre- 
tary preeented  a  letter  relating  to  the  present  condition  of  the  work 
deicribed,  written  by  the  author  since  the  paper  was  published. 
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Q.  B.  Francis,  U.  Am.  Soc.  G.  E.,  gave  a  description  of  the  re 
oentlj  constmcted  Lackawanna  and  'Wyoming  Valley,  double-traoli 
thitd-tail,  electric  railroad  from  Scranton  to  Wilkesbarre,  Fa. ,  illuB 
trated  vitb  lantern  elides. 

The  Secretary  announced  that  a  contract  had  been  signed  for  tb 
poichase  by  the  Society  of  the  lot,  25  by  116  ft.,  to  the  west  of  th< 
Society  Hcnse. 

Ballots  for  membership  were  canvaased,  and  the  following  candi 
dates  elected : 

As  Mekbeks. 
LnTHEB  EiiWoos  Obeoobv,  Portsmouth,  N.  H. 
Qbobob  Tebbt  Hobtom,  Chicago,  111. 
Edoab  S  NBTHBScnT.  Chicago,  111. 
WiLUAM  NEwBBoroH,  Evanston,  Wyo. 
Stewabt  Ebdzis  Smith,  Billings,  U ont. 
OuBTAT  Adolpb  Tbeitteb,  PhoeniiTille,  Pa. 
CouN  Bekd  Wisb,  Passaic,  N.  J. 


As  AseociATE  Mehbebs. 
Abthuk  Asaus,  Utica,  N.  Y . 
Daniel  Edwabds  Bkinskade,  Derby,  Conn. 
JosiAH  WuxiAM  BuzzKU.,  Boston,  Mass. 
Fbancis  Acbebthom  Cokgpaib,  Ihilnth,  Mion. 
WiixiAH  Robert  Dunn,  Easton,  Pa. 
Fkank  Lewis  Fales,  Cincinnati,  Ohio. 
WiLiiiAH  Otto  Oalbrbath,  San  Jos^,  Tamaulipas,  Mexico. 
Ebhest  Bottece  OAXI.BB,  New  London,  Conn. 
Feed  MatGbekn,  New  York  City. 
Thbodobe  Julius  Klossowski,  Ottawa,  Out.,  Canada. 
Bttrtoh  Ruthebfosii  Lefflbs,  Cleveland,  Ohio. 
Luther  Hauuohs  Lewis,  New  York  City. 
Thomas  Euoene  Lbabd  Lipsey,  Beaver,  Pa. 
WiLLUH  Seelby  Looan,  Arlington,  N.  J. 
William  Smith  Mobwon,  Pennsgrove,  N.  J. 
Clabbmge  Hiceb  Nichols,  New  York  City. 
Clarence  Webster  Baxnob,  Kansas  City,  Mo. 
DeWitt  Lee  Beabvrh,  Washington,  D.  C. 
Lloyd  Bown  Smith,  Arkansas  City,  Ark. 
Hgbbebt  Joseph  Wild,  Meriden,  Conn. 
Walter  Scott  Williams,  Columbia,  Mo. 
WiNTHBOP  Babbett  Wood,  Providence,  B.  L 
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Ab  AsaociATB. 
Aunss  Chausse,  Montrenl,  Qae.,  Canada. 

The  Secietaiy  annoanced  the  transfer  of  the  following  candidates, 
b;  the  Board  of  Uireotion,  on  April  5th,  1901,  from  the  grade  of  As- 
Booiate  Member  to  the  grade  of  Member: 

Aa  MxuBEBS. 
BAI.PH  Hakh-ton  Chambebb,  New  York  City. 
Jakes  BirrHSRPORD  Etxiorr,  Pittsburg,  Fa. 
WAI.TBB  JosKPH  Francis,  Feterboroiigh,  Ont.,  Canada. 
Julius  Hbbman  Oeoime  Woi.f,  San  Francisco,  Cal. 

The  Secretary  announced  the  election  of  the  following  candidates, 
by  the  Board  of  Direction,  on  April  5th,  1904: 

-  As  JUMIORS. 

Abthcr  Hbnxy  Bibks,  PbtenisTille,  Pa. 
LoBENZo  Dana  Cobnish,  Beaver,  Pa. 
Fbbdrbick  Tan  Zandi  I>anb,  Mt.  Vernon,  N.  T. 
Justin  Wtvan  Lnsuiw,  Chicago,  HI. 
Ai>FKED  Whskleb  Roberts,  Jersey  City,  N.  J. 
Habbt  Abhion  Robebts,  Eoboken,  N.  J. 
Oeobob  Looma  Bobdison,  New  York  City. 
OsvAU)  Pboc^tbb  3hbu>et,  Cornwall,  Col. 

Adjonmed. 

April  aoth,  1904. — The  meeting  was  called  to  order  at  8.50  p.  m., 
George  H.  F^ram,  Director,  in  the  chair;  T.  J.  HcMinn,  Assistitnt 
fleeretMy,  acting  as  Secretary;  and  present,  also,  120  members  and  27 
gDeots. 

A  paper,  entitled  "Lateral  Earth  Fressare  and  Belated  Phe- 
nomena," by  E.  F.  Qoodrich,  Jnn.  Am.  Soo.  C.  E.,  was  presented  by 
the  anthor.  A  communication  on  the  anbject  from  M.  F.  Bonzano,  M. 
Am.  Soe.  C  E.,  was  presented  by  the  Acting  Secretary,  and  the  paper 
was  diHcuBBed  by  Ueaars.  B.  B.  Stanton,  Biohard  Lyman,  Tirgil  H. 
Hewes,  H.  F.  Dnnham  and  the  anthor. 

The  Acting  Secretary  annoanoed  the  death  of  the  following  mem- 
ben  : 

Hbnbt  Louts  Uabutoin,  elected  Member  May  Tth,  1884;  died 
March  25th,  1904. 

B.  Fbahk  Biohakpsom,  elected  Member  July  Ist,  1885;  died  April 
IBth,  1904. 

Adjonmed. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abatraot.) 

April  Sth,  1904. — (t.lO  p.  II. — Brasident  HeimaDf  in  the  chair; 
Chaa.  WaiTSD  Host,  SecteUry,  and  present,  alao,  UeearB.  Baok, 
CraveD,  CroflB,  Cnrtie,  DaviHOn,  Dejo,  Ellis,  Qonen,  Jackeon,  Snap, 
E.  C.  Lewie,  N.  P.  Lewie,  Modjeski,  Noble,  Osgood,  Fegram,  Webetet, 
and  Wilgoe. 

Besolatione  were  adopted  authoriziiiK  the  purchase  of  a  lot,  26  ft. 
front,  with  an  average  depth  of  116  ft.,  immediatelT'  adjoining  the 
present  Society  Hooae. 

The  Secretary  woe  anthorized  to  open  and  oonnt  the  ballots  on  the 
propoeed  Committee  on  "  Concrete  and  Steel -Concrete,"  and  to  report 
the  reenlt  to  the  next  meeting  of  the  Board. 

Applioatione  were  considered  and  other  routine  basiness  trans- 
aated. 

Fonr  Aasooiate  Members  were  transferred  to  the  grade  of  Member, 
and  eight  candidates  for  Junior  were  elected.* 

Adjourned. 
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ANNOUNCEMBr^TS. 

Th«  Hoose  of  til*  Society  U  open  from  9  A.  M.  to  lo  P.  M. 
every  day,  except  Sundays,  Fourtli  ot  July,  Tbaakatlvlac  Day  and 
Cfariatmu  Day. 

MEETINas. 

Wedaeaday,  May  4th,  1904. — 8.30  p.  m. — A  tsgalar  btumeSB 
moetiDg  will  be  held.  Ballots  for  memberBbip  will  be  ca&Ta«sed,  and 
a  pap«r,  entitled  "The  Lake  Gheesman  Dam  and  Beservoir,"  b^ 
Cliarlee  L.  Harrieon,  U.  Am.  Soc.  C.  E.,  and  Silas  H,  Woodard, 
Abboo.  M.  Am.  800.  C.  E.,  will  be  presented  for  dieouBBion. 

This  paper  was  printed  in  Proceedings  for  Maroh,  19M. 

Wedneaday,  May  iStb,  1904 8.30  p.  it— At  this  meeting  two 

papers  will  be  preeented  for  disonssion,  aa  follows:  "The  Oatnn 
Dam/'byC,  D.  Ward,  M.  Am.  Soc.  0.  E.;  and  "The  CollapBe  of  a 
Bnilding  Ihuing  Const  ruction,"  hj  H.  de  B.  Parsons,  M.  Am.  Soo. 
C.  E. 

Both  theee  papers  are  printed  in  this  nnmber  of  Prooeedingt. 

Wedaeedayi  Jnoe  lat,  1904. — 6.30  p.  u. — A  regular  bnainees 
meeting  will  be  held.  Ballots  for  membership  will  be  oanTaeeed,  and 
spaper,  "On  Sedimentation,"  by  Allen  Hazen,  U.  Am.  Soo.  C.  E., 
will  be  presented  for  disooBeion. 

This  paper  is  printed  in  this  nnmber  of  Proceedings, 

ANNUAL  CONVENTION,  I904> 

The  Thirtj-sixth  Annual  CoOTention  will  be  held  at  St.  Lotus,  Mo., 
daring  the  week  beginning  October  3d,  1904. 

UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904. 

The  Society  has  undertaken  to  provide  for  an  engineering  exhibit, 
and  the  establishment  of  Headquarters  for  Tisiting  engioeers,  and  the 
Board  of  Direction  has  appropriated  sufficient  funds  to  defray  the 
neceesaij  expense. 

This  matter  is  in  the  hands  of  the  following  Committee; 

BoBEBi  Moom,  H.  Am.  Soc.  G.  K,  St.  Louis,  Mo.,  Chairman. 

Edvasd  G.  Gaxtbb,  U.  Am.  Soc.  G.  E.,  Chicago,  HI. 

UoBDBOAi  T.  Ehdicott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  G. 

Jakbs  L.  Fbaeibr,  "  "  Frankfort,  Ind. 

'Wrr.i.nu  Jaokbon,  "  "  Boston,  MaSB. 

EioL  £inOHi.iHa,  -'  "  New  York,  N.  Y. 

J.  L.  Yak  Obstm,  "  "  St.  Lonis,  Uo. 

Sobs  F.  Waiilaos,  "  "  Chicago,  HI, 

O,  E.  UooHNBSN,  SecUy,       "  "         St.  Lonia,  Mo. 
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INTERNATIONAL  ENOINEERINQ  CONQRESS. 

The  following  list  gives  the  names  ot    engineers  who,  bj  special 
invitation  of  the  Gominlttee  in  Charge,  have  promised  to  review  the 
development  of  engineering  practice  in  their  respective  coantries 
during  the  past  ten  years. 
HARBORS.-S'u^jMf  JVb.  I. 

W.  MATrBBWB,  C.  M.  O.,  M.  Inst.  0.  E.,  Chief  Engr.  of 
Dover  Harbor,  England. 

Y.  E.  TiHOKOFT,  U.  Am.  Soc.  C.  E. ,  St.  FeterBborg,  Bnsais. 
On  Th«  QrCMt  Lakes. 

Dak  G.  Einomam,  Maj.,  Corps  of  Engrs.,  U.  8.  A. 

D.  D.  GAILI.ABD,  Capt.,  Corps  of  Engrs.,  U.  S.  A. 
Oa  The  Sea  Coast, 

CAsaiua  E.  Oiu.ettb,  Capt.,  Corps  of  EngTH.,  V.  8.  A. 
ChabiiES  H.  UcEinbtbt,  M.  Am.  8oo.  C.  E.,  Gapt.,  Corps 

of  Engrs.,  U.  8.  A. 
NATURAL  WATERWAVS.— 5«Vec(  2fo.  2.- 

Jamxs  L.  Lubk,  U.  Am.  Soc.  G.  E.,  Maj.,  Corps  of  Engrs., 

U.S.  A. 

E.  E.  Hiu)ABi>,  M.  Am.  Soc.  C.  E.,  Zurich,  Switzerland. 
ARnnCIAL  WATBRW AVS.-SubJecl  No.  3: 

W.  L.  SiBEBT,  M.  Am.  Soc.  C.  E.,  Capt.,  Corps  of  Engrs., 

U.  S.  A. 
W.  H.  HuNTBB,  M.  Inst.  G.  E.,  Chief  Engr.,  Manchester 
Ship  Canal,  England. 
LiaHTHOUSES  AND  OTHER  AIDS  TO  NAVIQATION^'^i^'ecf  No.  4: 
The  United  States  Lighthonse  Board. 
Tbohas  Matthews,  M.  Inst.  G.  E.,  Chief  Engr.,  Trinity 
House,  London,  England. 
TRAFFIC  ON  IMPROVED  WATERWAYS,  ETC.-Sfx^et^  No.  5: 
Edwabd  p.  Nobth,  M.  Am.  Soc.  C.  E.,  New  York  Citj. 
PURIFICATION  OF  WATER.-Sutyect  No.  6: 

a.  For  Domestic  Use. 

AijiKN  Hazen,  M.  ^tti,  Soc.  C.  E.,  New  York  Citj. 

b.  For  the  Production  of  Steam. 

JiUBs    O.    Handt,    Chief    Chemist,    Pittsburg    Testing 
Laboratory,  Pittsburg,  Pa. 
TURBINES  AND  WATER  WHEELS.— Su6;ec(  No.  7: 

Oabdnbk  S.  WnjjAMB,  M.  Am.  Soc.  C.  E.,  Ithaca,  N.  Y. 
John  C.  TevfiiE,  M.  Am.  Soc.  G.  E.,  Philadelphia,  Pa. 
IRRIQATION.— 5Hijec(  No.  8.- 

Elwooi>  Mead,  M.  Am.   Soc.   C.    E.,   Chief,    Irrigation 

Investigations,  Washington,  D.  G. 
5!>  Hanbcby  Bbowk,  K.  C.  M.  G.,  M.  Inst.  C.  E.,  Late 
Chief  Inspector  of  Irrigation,  Lower  Egypt. 
RAILROAD  TERMINALS,— 5u6?erf  No.  9: 

Elmeb  L.  Cokibxll,  M.  Am.  Soc.  C.  E.,  New  York  Gity. 
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UNDBRQROUND  KAILWAYS.- Subject  No.  10: 

WiLUAU  Babciiay  Pabsons,  M.  Am.  Soc.    C.   £.,  Chief 


E. ,  C«Dtrftl  London  and  City  and  Sonth  London  Bail- 
ways,  England. 

LOCOMOTIVES  AND  OTHBR  ROLLINQ  STOCK.-£'ti^Vc<  i^o.  11: 
Wn-UAK  FoRSTTH,  M.  Am.  Soc.  M.  E.,  Chicago,  111. 
O.  J.  Chcbchvabs,  M.  Inst.   C.    E.,   Chief  Locomotive 
Snpt.,  Oreat  Western  By.,  England. 

LIVE  LOADS  FOR  RAILROAD  BRIDGES.— Subject  No.  12: 

Hknby  W.  Hodok,  M.  Am.  Soc.  C.  E.,  New  York  City. 
THE  SUBSTITUTION  OF  ELECTRICITY  FOR  STEAM  AS  A  MOTIVE 

PQiWEK.- Subject  No.  13: 

JamebG.  Whtte,  M.  Am.  Soo.  0.  E..  New  York  City. 
AT.GXAHDBB  SiKVBKS,  St.  Inat.  C.  E.,  London,  England. 

SGWAQE  DISPOSAL.— £u«je(4  No.  14: 

Oboboe  W.  FuUiBB,  Assoc.  M.  Am.  Soc.  C.  £.,  New  York 
City. 
DISPOSAL  OF  MUNICIPAL  REFUSE.— .?u«j>cf  No.  15: 

BudoiiPH  HsBiHa,  M.  Am.  Soc.  C.  K,  New  York  City. 
VENTILATION  OF  TUNNELS.— Sufiject  No.  18: 

.  Cavacsn^,  M.  Am.  Soc.  G.  E.,  Chief  Engr., 


HiaHWAV  CONSTRUCTION.— 5«6>ec{  No.  17: 

Jahbs  Owbn,  M.  Am.  Soc.  C,  K,  Newark,  N.  J. 
WhiUau  £.  HoCiiiHTOCK,  M.  Am.  Soo.  C.  E.,  Ghainnnn, 
MasBachnaette  Highway  Comm.,  Boston,  Mass. 

CONCRETE  AND  CONCRETE- STEEL. -S-u^Vcf  No.  18: 

EDwDt  Thaohbb,  M.  Am.  Soo.  C.  E.,  New  York  City. 
John  S.  Sbwbix,  Oapt.,  Corps  of  Engis.,  C  8.  A. 

DEEP  FOUNDATIONS.- S«jyec(  No.  19: 

JoHM  F.  O'EoTJKKB,  M.  Am.  Soo.  C.  E.,  New  York  City. 
THE  MANUFACTURE  OF  STEEL.— Saftjccf  No.  20: 

William  Meicalf,  Past-Free.,    Am.  Soc.  C.   E.,  Fitts- 
bnrg.  Fa. 

TESTS  OF  MATERIALS  OF  CONSTRUCTION.— 5aftjec(  No.  21: 
Steel. 

WituAM  B.  Wrbbthb,  M.  Am.  Soc.  C.  E.,  Philadelphia, 
Fa. 
Timber. 

Oabtamo  Lanza,  M.  Am.  Soo.  H.  K,  Boston,  Mass. 

MIt. 

WnjiiAH  A.  Aikbh,  M.  Am.  Soc.  C.  E.,  Pittsbnrg,  Pa. 
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PASSENOER  ELBVATOK.S.-Sui^ect  No.  22: 

Thouab  £.  Bbown,  M.  Am.  Soo.  C.  K,  New  York  City. 
PUMPINQ  MACHlNEfty.— Subject  No.  23: 

Ibvinq  H.  BetkoiiDS,  M.  Am.  800.  H.  E.,  Xonngstown, 

Ohio. 
W11.1.1AM  M&YO  VEHAB1.B,  Asaoo.  M.  Am.  Soo.  C.  E.,  New 
Orleans,  La. 

DREDQES:   TMEIR  CONSTTtUCTION  AND  PERFORMANCE.— 5t.i- 

jea  No.  24: 

A.  W.  BosrasoN,  a.  Am.  Soc.  C.  E.,  Uontreal,  Gsnadft. 
F.  B.  Mii/TBT,  M.  Am.  Soc.  C.  E.,  Memphis,  Tenn. 
J.  G.  Sahpobd,  Maj.,  Corps  of  Engre.,  L.  8.  A. 

STEAM  TURBlNES.--5u6jee(  J?o.  25; 

Frajiois  HoDOKiNfiON,  M.  Am.  Soc.  M.  E.,  Fittsbnrg,  Pa. 
ELECTRICAL  POWER-QENERATINQ   STATIONS  AND  TRANS- 
MISSION.—Safi/erf  Jfo.  26: 

L.  B.  SttuiWell,  U.  Am.  Soo.  G.  E.,  New  Tork  Gity. 
NAVAL  ARCHITECTURE.-S«yeci  No.  27: 

W.  L.  Gapfs,  Rear  Admiral,  Chief  Constructor,  U.  S.  N. 
Sir  WnjjAK  H.  Whitb.  K.  C.  B.,  F.  B.  8.,  President, 
Inst.   C.   E.,   late  Director  of    Naval  GonstrDction, 
England. 

MARINE  ENOINEERINQ.— ^u^'ecf  No.  28: 

W.  F.  DmAHD,  H.  Am.  Soo.  M.  E.,  Ithaca,  N.  Y. 
DRY  DOCKS.— Si^erf  No.  29: 

v..  T.  Endioott,  a.  Am.  Soc.  G.  E.,  Bear  Admiral,  Chief 
of  Buresn  of  Yards  and  Docks,  U.  8.  N. 

Gdtbbbbt  a.  Bbzbbtom,  U.  Inst.  C.  E..  England. 

ORDNANCE.— Suijecf  No.  30: 

Thai-bsL.  Aubb,  Capt.,  Ordnance  Dept.,  U.  S.  A. 
H.  C.  L.  HoLBmr,  Lient.-Gol.,  B.  A.,  F.  R.  8.,  Snpt.  01 
Rojal  Onn  Factor;,  Woolwich,  England. 

FORTIFICATIONS.— Suftjec(  No.  31 . 

S.  W.  B0ESS1.KB,  Haj.,  Corps  of  Engre.,  U.  S.  A. 
Obobob  W.  OoKrHAiA,  Maj.,  Corps  of  Engrs.,  V.  8.  A. 

MINING  ENOINEERINQ.-^ud^W  No.  32: 

E.  a.  SpiLaBTBT,  M.  Am.  800.  0.  E.,  Trenton,  N.  J. 
ENQINBERINQ  EDUCATION.- ^u^ect  No.  33: 

fioB^  F1.BTCHBR,  Assoc.  Am.  Soo.  C.  E.,  Prof,  of  Civil 

Engineering,  Dartmontfa  Coll.,  Hanover,  N.  H. 
Caltin  M.  Woddwabd.  Dean  of  Eng.  Sohool,  Washingtcn 

Univ.,  St.  Liouis,  Mo. 
W.  Cawthobkb  Unwto,  F.  R.  S  ,  M.  Inst.  G.  E.,  Cooper'* 

Hill  College  and  City  and  Chiilde  Teehnioal  College, 

London,  England. 
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SURVEVINa.-,Su^ec(  Xo.  35: 

Hknbt  M.  Wilson,  M.  Am.  Soo.  G.  £.,  Oeogtapher,  U.  8. 

Oeolomoal  Survey,   WaebinKton,  D.  0. 
The  tJnited  States  Coast  and  Geodetic  Survey. 
WHARVES  AND  PtERS. - Subjeei Ifo.  31: 

JoHM  A.  Bbijsej.,  M.  Am.  Soo.  C.  E.,£ii^.  in  Chief,  Dept. 
of  Docks  and  Ferries,  New  Tork  City. 
THE  MANUFACTURE  OF  CEMENT.— Sb^m*  Ao.  38: 

RoBBBT  W.  LbsijET,  Asboo.  Am.  Soo.  C.  E.,  PbiUdelphia, 
Pa. 


PRIVILEGES  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENQINEBRS. 

The  Boctoa  Society  of  Civil  EnsIiKers  will  weloome  any  member 
of  the  Azaericnn  Society  of  Civil  Engineers  at  its  library  uid  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days 
from  9  a.  h.  to  6  p.  h.  Uembers  will  also  be  welcome  at  the  meetings, 
wbioh  aire  held  in  the  same  building  on  the  evenings  of  the  fourth 
Wsdneaday  in  January,  and  tbe  third  Wednesdays  of  other  months, 
eioept  July  and  August. 

The  rooms  of  tbe  St.  Louis  Bngliieera'  Club,  in  the  business  center 
of  St.  Itonis,  will  be  kept  open  during  the  World's  Fair  season.  May 
Ist  to  December  Ist,  1004,  and  visiting  engineers  are  cordially  invited 
to  use  them  for  mail,  telephone  service,  information,  etc. 

The  aonrteaies  of  the  Enzlneers'  Society  ol  Western  Pennsylvania 
have  been  extended  to  members  of  tbe  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Fenn  Ave.,  Pittsburg,  "S^., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  during 
July  and  August:  Bbooi.ab  Section,  Third  Tuesdsys;  Chshicai. 
SsmoN,  Thursdays  following  third  Tuesdays;  Hechanicaii  Bkction, 
fintTnesdays;  Btbtotukai.  SxonoN,  Fourth  Tuesdays. 
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REPORT  OF  A  COMMITTEE  TO  CO-OPERATE  IN  STANDARD- 

iZINQ  ABBREVIATIONS,  SYMBOLS,    PUNCTUATION, 

ETC.,  IN  TECHNICAL  PAPERS. 

This  Committee  is  the  result  of  a  desite  of  the  anthoritiea  i> 
charge  of  the  pnblLoatioDs  of  the  four  natioD&l  engineering  aocietie: 
to  co-operate  in  ibis  matter. 

The  members  of  the  Committee  are  the  following; 

GhabiiBS  Wabbbn  Hcnt,  Seoretarj,  American  Society  of  Ciri 
Engineers;  D.  S.  Jacobus,  Vioe-Preeident,  American  Society  o 
Mechanical  EngiDeera;  Joseph  Stbuthebs,  AseiBtant  Editor,  America] 
Inetitate  of  MiDing  Engineers;  Cabx  T,  Hctohihbon,  Chairman,  Th< 
Editing  Committee,  American  Inatitnte  of  Electrical  Engineers. 

This  Committee  has  held  several  meetings;  it  seemed  sdviaabk 
at  the  ontset,  to  limit  its  discnsaions  closely  to  the  general  Bnbjec 
of  abbreviations.  Further,  it  seemed  best  to  formalate  a  few  gencn 
rales  to  be  followed  in  making  abbreviations,  rather  than  to  oompil 
a  list  of  forms  to  be  recommended. 

The  Committee  decided  to  limit  the  subject  more  narrowly  b 
considering  only  abbreviations  to  be  used  in  the  text,  or  genen 
reading  matter,  and  not  those  to  be  nsed  in  special  matter,  such  ■ 
oolnmns,  box-headings,  plates,  figures,  etc.  The  rules  that  follow 
are  intended  to  applj  to  the  text,  and  not  primarily  to  snoh  specii 
matter.  This  Committee  is  of  the  opinion  that  it  is  impracticable  t 
make  general  mles  applicable  to  special  matter;  it  believes  that  th 
rales  herein  stated  should  be  followed  aa  fat  as  possible  even  i 
special  matter,  realizing,  however,  that  clearness  is  of  the  fir) 
importance,  and  that  all  ralesmnst  be  secondary  to  that  consideratiot 

Referring,  then,  to  abbreviations  in  the  text  or  general  readin 
matter,  the  Committee  recommends  the  observance  of  the  followin 

1. — Use  abbreviations  only  after  nouns  denoting  a  definite  qmu 
tity.  Example:  "The  power  plant  has  a  capacity  of  10  h.  p.,"  n( 
"10  horse  power;"  but,  "The  capacity  of  the  plant,  in  horse  powe 
is  ten." 

2.— Do  not  abbreviate  abstract  or  descriptive  words.  Exampl 
"  Horizontal  retnrn  tubnlar  boilerB,"  not  "h.  r.  t.  boilers." 
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3. — Use  lower-cwe  eharacten  for  AbbreviationB.  An  exception 
to  this  rule  maj  be  made  in  tbe  case  o(  words  spelled  normally  vitli 
a  capital.  Example:  "B.  t.  a."  and  not  "b.  t.  n.,"  nor  "B.  T.  U." 
(British  thermal  nnit).  "U.  S.  gal."  [Cnited  States  gallon).  "B. 
&  S.  gauge  "  [Brown  and  Sharpe  gauge). 

i. — Use  a  period  after  each  abbreviation.  In  a  componnd  abbre- 
viation, do  not  Tue  a  space  after  the  period.  Example:  "  i.h.p.,"  and 
not  "  i.  h.  p."  (indicated  horae  power). 

3. — Use  a  hyphen  to  connect  abbrevialiona  in  cases  where  the 
words  would  take  a  hjphen  if  written  out  in  full.  When  a  hjpbeu  is 
ased,  omit  the  period  immediately  preceding  the  hyphen.  Example: 
"3  kw-hr."  and  not  "8  kw.-hr."  [8  kilowatt-hoars). 

6. — Use  all  abbreviations  in  tbe  singular.  Example:  "17  1b." 
aDd  uoi  "17  lbs."  (17  pounds);  "14  in.,"  and  not  "14  ins."  (14 
inches). 

7.— Never  use  "p."  for  "per,"  but  spell  out  the  word.  Exam- 
ple: "  100  ft-lb.  per  ton  "  (100  foot-pounda  per  ton);  "  60  miles  pec 
hi."  (60  milee  per  hour). 

8.— Use  decimals,  as  far  as  possible,  in  place  of  vulgar  tractions. 
Example:  "  1.25  ft.,"  not  "IJ  ft." 

9.— In  general,  spell  out  an  adj^tive  qualifying  the  name  of  a 
unit.  Example:  "Boiler  h. p."  (boiler  horse  power).  The  exceptionu 
to  this  role  are:  "i.h.p."  (indicated  horse  power),  "e.h.p."  (electric 
horse  power),  "b.b. p."  (brake  horse  power),  "e.m.f."  (electromotive 
force),  "m.m.f."  (magnetomotive  force). 

10. — Use  "Fig.,"  not  "Figure."  Example:  "Fig.  3,"  and  not 
"Figure  3." 

11. — In  all  decimal  nnmbers  having  no  units,  a  cipher  should  be 
placed  before  the  decimal  point.     E^xample:  "0.32  lb.," not  ".321b." 

12. — In  the  notation  of  large  numbers,  use  "en"  spaces  instead 
of  commas.     Example:  "1  620  125,"  not  "1,520.125." 

13. — Use  the  word  "by"  instead  of  "i"  in  giving  dimensions. 
Esample:  "8  by  12  in.,"  not  "8x12  in." 

14. — Never  use  the  characters  (')  or  (')  to  indicate  either  feet  and 
inches,  or  minutes  and  seconds  as  periods  of  time. 
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The  following  forms  are  given  aa  illastrations  of  these  mlei,  uid 
ue  reoonunended  to  be  naed: 


viation. 

Inches in. 

Feet ft. 

TMda yd. 

Ifilefl epell  ont. 

Pounds ..lb. 

Grains gr. 

Tons spell  ont. 

G&IIohb gal. 

Heires m. 

Millimetres mm. 

Centimetres cm. 

Kilometres. km. 

Kilogrammes kg. 

Orammea g. 

Milligrammea mg. 

Seconds seo. 


vialion. 

Minntes min. 

Honrs bt. 

Linear lin. 

Bqnare sq. 

Cnbic en. 

Per spell  ont. 

Fahrenheit fahr. 

Centigrade cent. 

Per  cent. ^  or  per  cent. 

Volta spell  ont. 

Ohms spell  ont. 

Watta . spell  ont. 

KUovatta kw. 

Kilowatt-bonrs. . .  .kw-ht. 

Watt-honrs watt-hr. 

Amperes spell  ont. 


Name.  Abbreviation. 

Kilogramme- metrea kg-m. 

Metre-kilogrammes m-kg. 

Brake  horse  power. b.h.p. 

Electric  horse  power e.h.p. 

'  Indicated  hocae  power i.h.p. 

Britieh  thermal  nnits B.t.n. 

Gramme-calories g-cal. 

Kilogtamme-calories kg-oal. 

Magnetomotive  force m.m.t. 

Electromotive  force e.m.f. 

RevolntioQS  per  minute rev.  per  min. 

Cironlar  mils cir.  mils. 

Milea  per  boar  per  second miles  per  hr.  per  ai 

Candle-power c-p. 

Watts  pet  candle-power watta  per  o-p. 

Mean  effective  pteasare spell  ont. 

High-pressure  cylinder spell  ont. 

IMameter spell  ont. 
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The  membere  of  thia  Committee  have  agreed  to  recommend  the 
anthoritiee  in  charge  of  the  publications  of  the  fonr  national  engineer- 
ing Booieties,  to  follow  the  tnlea  given  herein,  in  their  respective  pnb- 
lioatioDB,  a«  fat  u  possible. 

New  York,  March  lltb,  19M. 

Chas.  Wasbkh  Humt, 
D.  S.  Jacobvb, 

Jos.  STBtrTHBBS, 
OaBY  T.    HUTCHIMBON. 

The  Fablioation  Committee  of  this  Soeiet;  has  adopted  the  recom- 
mendation of  the  above  report,  and  the  rules  given  in  it  will  be  fol' 
lowed  in  its  publications,  as  far  as  possible. 


SEARCHES  IN  TUB  LIBRARY. 

In  Janiuu-7,  1902,  the  Secretary  was  authorized  to  make  searches  in 
the  Library,  upon  request,  and  to  charge  therefor  the  actual  ooet  to 
the  Society  for  the  extra  work  required.  Since  that  time  many  such 
Bearchee  have  been  made,  and  bibliographies  and  other  information  on 
special  aubjeota  furnished. 

The  reaalting  satiefaction,  to  the  membcra  who  have  made  uae  of 
the  reaoarces  of  the  Society  in  thia  manner,  baa  been  expressed 
frequently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  auoh  work  would  be  ondertaken,  many  would 
avail  themselves  of  it. 

The  cost  ia  trifling,  eompared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  peraona  familiar 
with  the  liibrary. 

Copies  of  all  lists  of  referenoee  are  filed,  so  that  in  many  oases  it 
is  only  necaasfiry  to  make  a  typewritten  copy,  which  reduces  the  oost 
of  searches  to  a  minimum. 

In  asking  that  snch  work  be  nudertaken,  members  should  specify 
elearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  orwhether  a  complete  bibliography,  involving 
search  thtougb  periodical  literature,  ia  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  M&rch  9th  to  April  12th,  19M. 
DONATIONS.* 

THE  THEORY  AND  PRACTICE  OP  MODERN  FRAMED  STRUCTURES. 

Designed  for  the  Use  of  Schools,  and  for  Engineera  in  ProfessioDBl 
Praotiae.  Bj  J.  B.  Johnson,  M,  Inst.  C.  E.,  M.  Am.  Soo.  C.  E.,M.  Am. 
Soo.  U.  E.,  C.  W.  Bryui  and  F.  E.  Tnrneaare.  Eighth  Edition, 
Partly  Rewritten.  Cloth,  11 18  ins.,  9  +  561  pp.,  illns.  New  York, 
John  Wiley  &  Sons,  1901,     SIU.OO. 

Tlieiin<Bcestat«a  thatin  thia  eilltlon  ■  oODddenible  part  of  the  work  fau  been 
eDtlrelj  rewritten  and  Diany  ctkanges  mane  Id  otber  parta  to  biinK  them  Into  harmon; 
with  tike  lieat  moden)  practice.  In  the  theoretical  part  ol  tlie  book,  tliB  cbspten  on 
tnua  analysis  (or  uultorm  loads  baie  been  entirely  rewritten.  Several  changee  bate 
been  made  Id  tbe  chapter  on  wheel-load  metiiodB;  tbe  cliapier  on  oonreDtloikal  load* 
hai  besD  rewritten,  and  tliat  on  laleral  truaeea  la  nearly  new.  In  tlie  eeoond  nrt,  the 
chapbn- on  the  design  ot  plate  srlrdere  has  been  larselv  rewritten,  and  that  on  the  dealKn 
of  a  pln-oonnectcd  railway  bridse  entirely  so.  As  a  basi*  of  the  new  deaigna  lued  In 
Uwae  chaptM^  the  Amertcan  Bridge  CompanT'e  BpedOcathniB  of  1(00  have  been  adopted 
as  being  suiMd  for  thli  purpoce.  rhey  are  giren  in  full  In  an  appeodli.  The  book  la 
divided^ Into  two  paru;  Part  i.  Theory  of  Framed  Strocturee;  Part  II.  Structural 
Deelfto.   There  are  three  appendices  and  aa  Index  of  nine  page*. 

STEAM  BOILERS,  THEIR  THEORY  AND  DESIGN. 

By  H.  de  B.  Parsons.  M.  Am.  Soo.  C  E.,  M.  Am.  Soc.  M.  E. 
Cloth,  9x6  ina,,  12  +  375  pp.,  illus.  LongmtoiB,  Oreen,  and  Co., 
New  York,  1903.     84.00.     (Donated  by  the  Author.) 

This  book  cotnprlaesa  seriee  of  lectures  delivered  lo  the  nnlor  class  of  the  Rena- 
selaer  Polytechnic  Institute.  Troy,  N.  Y..  rewritten  and  divided  Into  chapters.  The 
only  originality  claimed  by  the  author  lor  the  work  Is  the  effort  to  cover  such  points 
aa  in  practical  ofltlce  work  may  be  found  perplexing.  The  Conteots  are;  physical  Prop- 
ertlee;  Combustion;  Fueiai  Furnace  Temperature  and  EtBciency  of  Boiler;  Boilers  and 
Steun  Oeoerators;  Chimney  Draft;  Hater&ls:BollerI}elBllBiBoU«r  Fittings:  Mechanical 
Btokers;  Artificial  Draft;  IncruataUon:  CorroaloD:  ileneral  Wear  and  Tear.  &ipl«ion>; 

V  Design:  Hmoke  PreTentlon;  Testing,  Boiler  Coverings,  Care  of  Bollors;  Super- 

^^ ,   Ttiere  la  an  Index  of  six  pages. 

THE  LAY-OUT  OP  CORLISS  VALVE  OEARS. 

By  Sanford  A.  Moss,  M.  Am.  Soc.  M.  E.  Beprinted  from  The 
American  Machinist,  with  Bevisions  and  Additions.  Cloth,  6x4  ins., 
108  pp.,  illns.      Mew  York,  D.  Van  Nostrand  Company,  1903.     50 

This  volume  Is  an  attempt  to  treat  the  Corliss  valve  gear  from  a  theoretical  point 
of  view.  An  endeavor  Is  made  to  treat  the  "  single  eccentric  "  motion  from  a  rauonal 
standpoint.  A  discussion  Is  glten  of  the  theoretical  principles  underlying  the  kinematic 
designer  "laynDUt"  aa  it  Is  commonly  called.  This  Is  followed  by  dIrecllODB  formating 
a  lay-out  on  the  drawtng.tioard.  Keferetice  ts  also  made  to  the  Coriiss  valve  motloo 
with  double  wrist-plate  and  long-range  cutK>ff .  Por  the  sake  of  oompletenesa  a  pre- 
liminary account  is  given  of  the  usual  mechanism  of  a  Corllas  valve  gear.  Beyond  this 
deacriptlon  nothing  la  given  concerning  the  detailed  construction  ofthe  various  parts, 
the  kinematic  features  only,  rather  than  the  coDStructlve  features.  tielDg  considered. 


r  the  Angle  of  Advance:  U 
of  tuTCorll    ~  ■ 


jnotiuniioi  r.i;™uiric,  W'riBt  Plate  and  Valves;  Theory  ui  mo  vuru»  ••riBi.riBu,,  ....c^ 
Displacement  Curves:  Selection  of  the  Arbitrary  Dimensions  of  a  Corllas  Oear;  Laying 
out  the  Single  Wrist  Plate  Corliss  Oear  on  the  Drawing. Board. 

TOWERS  AND  TANKS  FOR  WATER-WORKS. 

The  Theory  and  Practice  of  Their  Design  and  Coustmotion.  By 
J.  N.  Hazleburst,  ill.  Am.  Soo.  C.  E.  Second  Edition,  Bevteed  and 
EDlarged.  Cloth,  9x6  ins.,  10 +324  pp.,  illns.  New  York,  John 
WUey  t  Bona,  1904.     S2.50. 


■  Unless  otberwiaespeclQed,  books  in  thia  list  have  been  donated  by  the  puhUaben. 
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maoy  new  illunratlODB  bare  been  added.  The  nev  matter  Includes  a  record  of  Btand- 
pipe  tallures,  continuing  troni  tbetlmeol  Frot.  l^nL-e'a  monOKrapb  to  ttie  present;  a 
cnapter  dealing  with  the  Btreeses  tn  a  sfeel  *aKT-Wn-er,  originally  presented  in  the 
r«-AiuigriifiA,  and  rerlaod  and  renrittCD  b>  Its  author  for  this  uork:  also  tno  cbaptera 
upon  tie  subject  of  speclHcationa  for  nnd  the  archttactural  and  orqamental  poBsthillty 


.     i:  Historical;  The  Chen 

ictural  Meial;   Htruecuml    Metals:  Stress  or  Btr: 
liaDlcal  Principles;  The  Stresses  li        ~      '  "~ 
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In  plain  an' 

M.    Ther 

nd«  of  tw 

Riietlng:  Deslgnlue:  Foundations:  Painclna;  Shop  Practice  and  Erection:  BpeclHcattons; 


Oivinf;  in  Plftin  and  Simple  Lant^uage  the  Leading  Principles  and 
Applications  of  this  Modern  Construction.  By  L.  J.  Mensch.  Paper, 
7^x5  Ins.,  217  pp.,  Ulna.     CMcago,  Cement  and  Engineering  News. 

$2.00. 

Tbe  Information  in  this  hand-hook  la  drawn  larftel J  from  the  wrller'9  experience  aa 

wiltaer.  cousiiltlug  engineer  and  contractor  for  relnforceil  concrete  constructions.  In 

B  parts  ot  tbe  country,  the  author  baa  beeo 

Ine  to  time  asked  numerous  questions  relating 

wncrete  construction,  especially  aa  compared 

..     These  questions  and  tbe  author's 

clasalfled,  and  now  form  a  portion  o( 

-■ --    -  — -  --■-■—.    Theautborhaa 


RECHERCIfeS    EXPERIMENT  ALES   SUR    LA    CONSTITUTION   DES  MORTIBRS 
HVDRAULIQUES. 

Par  H.  Le  Chatelier.  Cloth,  10  x  6  ins.,  4  +  199  pp.,  illns.  Paris, 
Vve.  Ch.  Dunod,  1904.     Broch.',  6  francs;  cartonn^,  7  francs,  60. 

The  introduction  states  that  the  principal  object  ot  this  worl!  is  the  study  of  the 
chBmical  reactions  produced  m  limes  and  hydraulic  cements  during  their  calcbiation 
and  setting.  The  author  has  taken  as  a  preliminary  study  the  more  simple  analo(coU8 
subslanueB.  lime  and  silicates  of  barytea.  hoplns  that  a  knowledge  of  the  elementu  of 
which  these  are  composed  will  throw  lighten  the  theory  otcaloareouScements.  The 
oork  IsdiTided  into  tlir*e  parts:  Part  I.  Pl&tre;  Part  It.  Silicaies  de  Baryte:  Part  lU. 
Ciment  et  Cbaux  HydrauUquea. 

THE  ELECTROLYSIS  OP  WATER. 

Proceasea  and  Applications.  By  Viktor  Engelhardt.  Antborized 
Engliah  Translation  by  Joseph  W.  Bicharde.  Cloth,  It  x  6  ins., 
10  +  140  pp.,    illus.     Easton,  Pa.,   Chemical   Publishing   Co.,  1904. 

(Monographs  on  Applied  Electrochemistry.     Vol.  I.) 

In  Ihe  collection  of  Monographa  of  ApvHcd  Klfclrochfmielry.  of  wbicb  this  is  Ihe 
flntTolnme,  imillbettae  nbject  to  set  forth  detailed  and  authentic  reporls  in  the  Keld 
of  applied  elect roohemistry.  These  uionographK  will  be  special  reports,  In  which  tbe 
entire  tiMoHcal  development  will  be  set  forth,  and  a  reclew  of  the  most  important 
patent  literature  made  A  conaidefable  proportion  of  the  EoBllsbspeakiUK  eiectro- 
chemista  can  read  the  Oerman  text,  but  a  still  larger  proportion  cannot,  and  ttiat  the 
lalier  claan  may  bave  access  to  the  (haUKbts  and  ideas  of  tbismonograpb  is  the  purpose 
of  the  translatron.  The  Contents  are:  Historical  Review;  TbeConsUnca  ot  tbe  Electro- 
lytic DecompnsiUoD  ot  Wacer;  Rciiew  of  Prucessea-  Processes  and  Apparatus  tor  tbe 
atporate  Production  of  Oxygen  and  Hydrogen;  proces.tes  and  Apparatus  for  the 
Electrolysis  at  Water  without  Separation  of  the  (»as.  Processes  for  tbe  ShnpleEvolntioD 
of  Oxygen;  Applications:  Appendli.    There  Is  an  Indoi  ot  two  pages. 

FACTS  ABOUT  PEAT,  PEAT  FUEL  AND  PEAT  COKE. 

How  to  Make  It  and  Hon-  to  Use  It- What  It  Costs  and  What  It  Ib 
Worth,  with  Brief  Notes  Concerning  Its  Use  and  Value  for  Numerous 
Other Pnrposes.  BvT.  H.  Leavitl.  Cloth. 7ix5ins.,  115pp.  Boston, 
Lee  and  Shepard,  1904.    SI. (JO  net. 

A  number  ot  years  ajio  Ibe  author  operated  works  at  Lexington,  Hassachuaetts.  for 
Ibe  manufacture  of  peat  fuel,  and  ilor  the  perfecting  of  machinery  for  ita  production. 
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During  that  time  be  prepared  a  volume  entitled  "  Facts  About  Feat."  which  Is  now  ot 
or  print,  the  plates  iiavlng  been  destroyeil  by  Qre.  Tbe  present  volume,  llwrefon 
under  the  aame  title,  la  prepared  as  a  mibHIItuie  (or  that,  n-lth  a  view  to  offordine  iofoi 
matlon  o(  a  practical  character  la  those  Droposins  to  manufacture  or  use  such  for 
The  chapter  headings  are-  What  1»  Featf  Where  Peal  Is  Found:  How  to  Make  Pee 
Fuel:  Peat  Coke;  Inleuniiy  ot  Heat  Generated  by  Puat  Fuel;  Feat  Fuel  for  Domestl 
Purposes;  Feat  as  a  t'uel  (or  Generating  Slesm:  Peat  In  the  Manufacture  ol  Irou  an 
8l«el;  Other  Usee  of  Post  Fuel;  Peat  for  Gunpowder  and  Flreworkli  Oosfrom  Peal 
Post  and  Market  Value  or  Peat  Fuel;  The  Market  for  Peat  Fuel:  Chemical  Products! 
Feat:  Ashea  or  Feat:  Conclusions:  Antlaeptlc  Properties  ol  Feat:  Peat  as  a  DlslDfeclai 


RIVER  TRAININQ  AND  CONTROL. 

Being  a  Description  of  tbe  Theory  and  Practice  of  the  Modem  Ryt 
tern  Entitled  the  Guide  Bank  System,  Used  in  India  for  the  Contrc 
and  OnidftDce  of  Great  Alluvial  'Rivera.  Bj  Franeia  J.  E.  Sprinj^,  M 
Inst.  C.  E.,  M.  Inat,  Mecb.  E..  M.  Am.  Soc.  C.  E.  Cloth,  14  i  9  inc. 
varionB  paging,  50  plates,  Simla,  Govorament  Central  Printmi 
Office,  VMS.     {Donated  bj  the  Anthor.) 

The  scheme  or  the  boob  Is  oa  HoIIowh:  ATter  a  brief  Introductory  chapter,  whiel 
attempts  to  give  an  Idea  of  the  Importance  ot  the  subject,  a  compariaoBis  made  b( 
tneen  the  Hisslsstppl  aod  ludiau  rivers  of  the  class  chi<>t1v  dealt  with.  Chaptrrs  Ul 
IV  and  V  deal  with  river  action.  Chapter  VI  shons  how  different  are  the  sands  of  dll 
rerent  rivers  In  their  Busceptlblllty  lo  water  traasportatlon.  Chapters  VTI  to  ] 
Inclusive.  61  plain  tbe  principles,  aa  theautbur  underalands  thetn.  underlying  the  du 
designer  theclsssor  works  wliicbKlcetbtHliouk  Its  title.  Chapter  XII  dmlawtthripariai 
towns,  etc.,  of  tlie  narrowing  of  sort  bedded  rlvem,  by  means  of  Kulde  banks  at  fhi 
abutments  or  brIdKea  or  weirs.  The  ueil  t«n  chapters  are  devoted  to  a  history  of  ttn 
Walning  works  of  certain  selected  bridpea  and  weirs.  In  these  chapters  the  author  ha 
endeavored  to  show  bow  the  Idea  or  the  models  guide  bank  gradually  grew  out  ofi 
numt)eror  eiperiercea,  until  it  was  formulated  at  last  definitely,  Chspters  XSin  aa< 
XXV  show  flow  the  author  has  cleBlgned  the  guide  banks  and  depth  ot  roundatlons  fo 
the  projected  Lower  Ganges  brideo.  Chapte 
subject  as  seems  likely  to  be  usarul  to  bridge 

deuce,  and  Chapter  XXVIImakes  some  augg:( 

informatloD  and  a  Hat  of  some  literature  on  tbe  subject. 


ms  likely  to  be  uaaful  to  bridge  designers.  Chapter  XXVI 
iapterXXVIImakes»ome9ug8;eatlon9.   ' j,_.-.._. 


An  appendix  rol  Iowa  giving  genera 


MAVER'S  WIRELESS  TELEQRAPHY. 

Theory  aud  Practice.  By  William  Maver,  Jr.,  M.  Am.  Inst.  E.  E 
Cloth,  9x6  Intl.,  6  +  199  pp.,  illus.     New  York,  Maver  PubliBhiD( 

Company,  I'Mi.     S2.00. 

Tbe  preface  states  that  in  this  work  each  subject  has  been  treated  both  from  a  then 
retlcal  and  a  practlcaii  standpoint,  in  a  language  as  tree  as  possible  from  form  ii Iff.  ani 
the  whole  has  been  wrillen  Id  a  manner  designed  l«be  clear  to  the  general  reader.  Thi 
descriptions  ot  systems  and  apiiaratuH,  with  a  few  exceptions,  are  limited  to  thosfl  h 
actuaroperatlon.  It  is  believed,  however,  that  the  book  will  befound  to  contain  muci 
more  than  a  mereaoonunt  of  the  wireless  Bystema  at  present  In  use.  In  fact,  tbealn 
bos  been  to  give  a  comprehensive  statement  or  all  tliat  appertains  to  the  art  at  Ibl 
lime,  In  the  hope  of  auppiying  herein  a  complete  practical  tuuulbook  of  wlreleaa  leleg 
raphy.  The  conteuisare:  Induction  Telegraphy:  Electric  or  QertzlBd- Wave Teletcn^>hr 
Early  Eiperunenia  In  ElBctrlo-Wave  Telegraphy;  Theory  or  Electric- WarePropBRBtioo 
Syntonic  Wireless  I'elegraphy:  Marconi  Wireleae  Telegraph  Systems:  Lodge  ant 
Lodge- .'Huirhead  Wireless  Tolegrapb  Systems:  The  Slaby-Arco  and  Braun  Wbelea 
Telegraph  Systems;  Die  Branly-Popp.  Ouarini,  aud  Ducretet-Poppoff  Wireless  Tele 

Sraph  Sysleras;  The  De  Forest  Wireless  Telegraph  System;  The  Fessenden.  Stoiw 
k.^„,.i,...  .nH  «.."--.  Systems:  Signaling  by  0itra  Violet  Rays:  Wireless  Telephony 
Transrormers,  etc.:  Practical  Applications  of  wireless  Teleg 
e  Is  an  Index  of  six  pages. 

THE  METRIC  FALLACY. 

Bt  Frederick  A-  Hahev;  and,  The  Metric  Failnre  in  the  Teitili 
Industry.  By  Samuel  S.  Dale.  Clotb,  9x6  ins.,  231  pp.,  illns 
New  York,  T>.  Van  Noatrand  Company,  190J.     «1.00. 

Thlsbnok  is  the  outgrowth  of  apaper  presented  to  the  American  Society  of  HeohOD 
leal  Engineers  at  Its  December  meeting,  \m.  and  the  discussion  which  rollowed.  Thi 
points  raised  In  the  discussion  have  been  renrlMen  and  placed  In  their  appropriati 

K laces.    The  list  of  countries  in  which  it  was  shown  in  the  paper  that  old  units  contlBut 
I  use  bos  been  about  quadrupled,  while  Dew  chapters  have  been  added  on  "TlH 
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Braaoas  tor  tbe  Failure  nt  CompulsDrr  La* 

mentB.-  "  Srleallflc  (Ukd  Industrial  DUBcuItleg.'       , 

"■  ■■The  InaocuiBcr  o(  the  Meter."  -Tlie  Abandoned  Portlot 


otUnits," , 

aystem'Mid  "  The  Object  c 

InduMry:  haa  alBo  been  entirely  rewritten.    The 
berlDs  apuD  yarn  has  beea  Dompiled  tn 
■utborjtlea:  Car«  has  been  taken  t  -  ""•'<- 

appendix  eatltled  Action  or  Varloi 

reported  favorabl;  to  the  Fifty -Seveatb  Congress. 


the  Metric  Failure  In  the  Textile 

In  nf  (^nnrlnmial  E^stems  0t  num- 

Oerman  and  SpanlBh 


Gifts  have  also  been  received  from  tbe  following: 

.-R.  B.*  Warehou 


Beuflcaren,  Q. 


CaL 


.— ^te  Boud 


rale  dea  Arts  et  Manufac- 
:utlTe  Health  Offlcers  of 

1.  Y,— Water  Comnm,    1 

Water  Board.    1  pam. 

lub.    1  bound  vol. 

at  Health,     b  bound 


N.  J.  SaalUiry  Absoc.  1  pam. 
N.  Y.  R.B,  Commre.  Shouni 
H.  Y.-  t!ta(e  Library.    I    par 


Cal.— State  Mia.  Burean.    I  vol..  fl  pi 
Canada— Oeol.  Surv.    I  bound  »ol. 
Canadian  Xin.  Inst.    I  vol.,  S  pam. 
Central  Ry,  Club,    1  pom,.  0  no* 
CblcsKo.  at.  Paul.  HTuueapolii 
Ry.  Co. 


d  ot  Health.    S 


HJtmeapolii 

CTjurruco,  Evafigto  de. 


Opdyke.  Hovard.    16  pam. 

Pbliadelpbla  Co.  Gpani. 
Piatt,  T,  C.  I  bouni  vol. 
Rafter,  "       —     -  ■         ■  - 


vol. 


Cumberland 
DelBiiBr«£  ' 
Eddy.  H.  P. 


pam.,  1  IrauDd       Ry.  Signal  Assoc.    3  col. 


Eugrs.  Soc  of  wefltern  New  York,  l  pan 
Exploration  Co.  Ltd.    S  pam. 
OlBKgow   &   Soutfa-Weeirm    By,  Co. 

lirand  Rwidsft  Indiana  Ry,  C 


d  Rapids  ft 
t   Britain-] 


Patent  OMce.     5   i 


Gre«n  Bay  4  Weeten 
— -Ifonl  Btean-  — ■' 

surance  Co.  _ 
Harvanl  Uotv.  1 1 
UlteanJ,  K.  E.  In 
Hodgdon.  Frank  4 
Holyoke.  Mass.- B< 


Health.    I  bound 


jard  of  Water  Commr. 


R.  t.— Slats  Board  a 

RoebllneCongtractlonCo.    I  pam. 
Slocum.  CM.    Ipam. 
Smithsonian  Inst.    1  bound  vol. 
Socl^t^  Beige  dee  IneSnleurs.    X  pam. 
Soc.   ot   Naval   Architects    and     Marine 

Enitrs.    1  bound  vol. 
SprlngBeld.     Mass.— Board      ot      Water 

TVcAnologu  Quartfriu.    fl  vol. 

Texas  UniV  — Ulneral  Survey.    S  pam. 

b.  S.  Bureau  of  Chemintry.    Ipam. 
U.S.  Bureau  of  Equipment.    6vol. 

u  of  Navl^tlon'     14  pam.,  1 


Hutt^in,  N.  B.    1  pam. 

Ul.—Aerl.  Eiper.  Station.    Spam. 

luL^StatsBoardofHealih.  lOboun 

Kirkpatrlch.  Walter  O.    Ipam. 

LaoslnR,  B,  T.  e.    I  pam. 

LeblgbUnlv.    I  vol. 

Leominster,  Mass.— Water  Board,    l 

Levering^  J.  H.    Spam. 

LmtIb.  S.  p.    1  bound  vol. 

MrKeenport.    Pa.— Board   of    Watei 

Ligbtln^c  Commrs.    1  pam. 
Mass.— Board  ot  Gas  and  Electric  Light 

Commre.    I  bound  vol.,  14  vol. 
Mass. -Board      of      Metropolitan       Park 

Commni.    1  bound  vol. 
Msaa.~Mlghway  Comm.    1  bound  vol. 
HsSB  Inst,  of  Technoloe;.    2  vol. 
Merchants'   Sxohange  ut  St.  Louis.  Ho. 

Met.  Weal  Side  Elevated  Ry.  Co.    Ipam. 


U.S. 


Bueau  ot  F 
Service 


U.S. Bureau orstatistlcs.    Si 

U.  8.  Coast  &  Oeodetic  Sun 

U.S.  Commr.    ot  Navigation 

U.  S.  Conw  of    Engrs.    &  bo 

t;.  S,  (leol"Sui^.'    Sboundvol 
U.   S.  Intrnitaie  Commerce 

bound  rol.,  Spam. 
U.  S.  Naval  Obeervatorj.    1  v 
U,  8,  Supt.  of  Documents.    I 


.  New  Zealand— Harbor  Board . 
.    Delta    Leiee    DIstrict-Cht. 
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ACCESSIONS  TO   THE   LIBRARY. 


BY  PURCHASE. 


Electric  Transmission  ol  Energy  and  Its  Transformation,  Sub- 

divisiOD,  uud  Distribution.  A  Fractit^al  Hduilbook,  Bt  Gisberl 
Kapp,  M.  Inst.  C.  E,  M.  Inat.  E.  E,  Fourth  EJilion,  thoroughlj 
Bavjsed.     New  York,  D.  Van  Nostrand  Comparv. 

Der  DretiBtrom  motor.  Eio  Handbnch  fiir  Stndinm  nnd  Praxis. 
Von  JuiiuB  Heubach.     Bortin,  Jniius  Springer,  IDOi. 

Messungen  an  Elektrlschen  Maschlnen.  Apparate,  Instrameute 
Methodeu,  Schaltungen.  Von  Rudolf  Erauw:.  Berlin,  Juliut 
Springer.  1903. 

Der  Elektrlsche  LIchtbogen  bd  Glelchstrom  und  Wechselstron 

nod  Seine  Anwendungeo.  Von  Berthold  MoDuscIi.  Berlin,  Jnliot 
Springer,  1904. 

Naval  Architecture.  Bt  Cecil  H.  Peabody.  New  York,  John 
Wiley  &  Sods;  Loudon,  Chapman  &  Hall,  Limited,  19(M. 


Indicator    Practice   and    Steam  Engine    Economy.      With  Plain 

Directions  for  Attacbiag  tlie  Indicator,  Taking  Diagrams,  Compntin; 
the  Horsepower,  Drawing  the  Theoretical  Curve,  Calculating  St*ani 
Consumption,  Determining  Economy,  Locating  Derangement  ol 
Valves,  and  Making  All  Desired  Deductions;  also  Tables  Required  id 
Making  the  Necessary  Computations,  and  an  Outline  of  Current  Prai^- 
tice  in  Testing  Steam-Engines  and  Boilers.  By  Frank  Hemenvay, 
Sisth  Edition.  New  York,  John  Wiley  &  Sons;  London,  Cbaiiman  4 
Hall,  Ltd,,  1903. 

Machine  Design.  Parti.  Kinematics  of  Machinery.  By  Forrest 
R.  Jones.  Third  Edition,  Keyised.  New  York,  John  Wiley  *  SonB, 
1903. 

Who's  Who,  1904,  An  Annual  Biographical  Dictionary.  London, 
Adam  and  Charles  Black;  New  York,  TbeMacmillan  Company,  1904. 

How  to  Lay  Out  a  Garden :  Intended  as  a  General  Onide  in 
Choosing,  Forming,  or  Improving  an  Estate,  with  Befetence  to  Boti 
Design  and  Execution.  By  Edward  Kemp.  Third  Edition.  New 
York,  John  Wiley  &  Sons,  1901. 

The  Civil  Engineer's  Pocket-Book.  By  John  C.  Trantwine.  B«- 
vised  by  John  C.  Trantwine,  Jr.,  and  John  C.  Trautwine,  3d.  Eigli' 
toenth  Edition.  New  York,  John  Wiley  &  Sons;  London,  Chapman  * 
Hall,  Limited,  19u4. 

Cram's  Standard  American  Railway  System  Atlas  of  the  World, 

Showing  all  the  Railway  Systems  in  Colors,  Accompanied  by  a  Com' 
plete  and  Simple  ludes  of  the  United  States  Showing  the  Trne  Loca- 
tion of  All  Railroads,  Towns,  Villages  and  Post-Oftioee.  New  York 
and  Chicago,  George  F.  Cram.  1901. 
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The  Elements  of  Mining  and  Quarrylns.  Bj  Sir  C.  Le  Neve 
Foster.  London,  Charles  GrifSo  and  Company,  Limited ;  New  York, 
The  Engineering  and  Mining  Jonrnal,  1903, 

Ore  Depostts  of  the  United  States  and  Canada.  Bv  James  Fur- 
man  Kemp.  Fifth  Edition,  Entirely  Bewritten  and  Enlarged.  The 
Engineering  and  Mining  Jonrnal,  New  York,  London,  1903 . 

The   Non-Metallic    Minerals.     Their   Occurrence  and    Use.    By 

George  P.  Merrill.  New  York,  John  Wiley  &  Sons;  London,  Cbap- 
mui  &  Hall,  Limited,  1904. 

The  Prospector's  FMd-Book  and  Guide  In  the  Search  for  and  the 

Easy  Determination  of  Ores  and  Other  Ueetnl  Minerals.  Bj  B.  S. 
Osbom.  Sixth  Edition,  thoroughly  Revieed  and  Enlarged.  Phila- 
delphia, Henry  Carey  Baird  &  Co.,  1903. 

Disinfection  and  the  Preservation  ot  Food,  together  with  an  Ac- 

connt  of  the  Chemical  Snbatancee  Used  as  Antiseplies  and  Preeerra- 
tiveo.  By  Samnel  Kideal.  London.  The  Sanitarv  Publishing  Co., 
Ltd. ;  New  York,  John  Wiley  and  Sons,  1903. 

Domestic  Sanitary  Drainage  and  Plumbing.  Lectures  on  Practi- 
cal Sanitation  Delivered  to  Plumbers,  Engineers,  and  Others  in  the 
Central  Technical  Institution,  South  KensiDgton,  London,  Under  the 
Auspices  of  the  City  and  Gnildn  of  London  Institnte  for  the  Advance- 
ment of  Technical  Education.  By  William  B.  Maguire.  Third  Edi- 
tion, BeTised  and  Brought  np  to  Date,  London,  Kegan  PanI,  Trench, 
Trubner  A  Co.,  Ltd.,  1901. 

Elements  of  Bacterlolog)',  with  Special  Reference  to  Sanitary 

Water  AiaivHis.  By  Samael  Gate  Prescott  and  Charles -Ed  ward 
Amorv  Winnlow.  New  York,  John  Wiley  It  Sons;  London,  Chapman 
t  Had,  Xiimited,  1904. 

Rustless  Coatings  :  Corrosion  and  Electrolysis  ot  Iron  and  Steel. 

By  M.  P.  Wood,  M.  Am.  8oo.  M.  E.  New  York,  John  Wiley  4  Sons; 
London,  Chapman  &  Hall,  Limited,  1904. 

Ilaadbuch  der  Baukunde,  Eine  systematische  und  vollstandige 
ZnsammeDBtellang  der  Besultate  der  Bauwissenscbaften  mit  den 
zQgehurigen  HilfswiBsenschaften.  Veranstaltet  von  den  Herau^- 
gebem  der  DentRchen  Bauzeitnng  und  des  Dentscben  Bankalenders. 
VoL  III,  Pte.  1-4.     Berlin,  Ernst  Toeche,  1890-95. 


SUMMARY  OF  ACCESSIONS. 

March  9th  to  April  12th.  1904. 

Donations  (including  25  duplicates  and  23  numbers 

completing  volumes  of  periodicals) 861 

By  purchase 24 

Total 386 
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MEMBERSHIP. 


ASB,  JiHEB  Fbancu.    City  Engr.,  Manila,  PhUippioe  Islands.  Jan.  6,  1904 

HiHBEBa,  Baij>hEuiii.ton.     (Cborobera  &  Hone),  I  Agsoo.  U.  Dec.  1,  1897 

eo  Sew  St.,  New  York  City f  M.  April  B,  1904 

01,   LioNiKD  Mahtim.       Civ.  Engr.,  U.  S.   N.,   , 

Superv.    Engr.,  Sleel    Floating  Dook    for  t  Abboo.  M.  Oct.  4,  1899 

Cftvite,  P.  I.,  Sparrows  Point,  Md (  M.  Jan.  6,  1904 

cBBi.  CHAatBB  Whttk.     Tustin,  Orange  Ck».,  Oal Mar.  2,  190t 

owLBB,  Thouib  W11.KJCB.     Univ.  of  MelbourDe,  Melbourne, 

Victoria,  Anstralia Deo.  2,1903 

rBsooar,  LoTOBB  Elvood.    Civ.  Engr.,  IT.  8.  N.,  Nary  Tard, 

PorlBmoQtb,  N.  H  '. April  6,  1904 

[oBTON,  Oeobob  Tbbbi,     Engr.  and   Mgr.,  Cbioago  Bridge  & 

Iron  Works,  IOSUj  and  Tbroop  Sts..  Chicago,  Ul April  6,  190* 

[iTHEWBON,    Ibaao.         Santa   Fe,     Distrito    de  t  Abboo.  M.  Mar.  7,  1894 

Alarcon,  Oueixero,  Mexico f  M.  Mar.  1,  1904 

IoBBBLY,FuNK.    Victoria,  B.  C„  Canada Oct.  7,  1903 

Iethbbcot,  Edoab  g.     427  Monadnock  Bit.,  Cbioago,  111 April  6,1904 

'oTTEB.  WiijjAM  Bancboit.     Chf.   EngT.,   Hy.   Dept.,    Gen. 

Eleo.  Co.,  Schenectady.  N.  Y. Mar.  2,  1904 

[DDJN,  BicHABD.    Fort  St.  Pbilip,  La Mar.  2,  1904 

ITOBBOW,   Samwbi..      CiT.   and   Min.   Engr.,  401 1  ^'"'-      „  ^^*-  ^"*-  ^?!J 

Dongla8Blde..LosAD6eleB.Cal (jr""  «*■  I  \^ 

I  U.  Mar.  1,  1W4 
S'lsE,  CouN  Beep.    Civ.  and  San.  Engr.,   301  Gregory  Ave,, 

Passaic,  N.J April  6,1901 

ASSOCIATE  UEMBBBS. 

LDAKs,  Abthdr,  132  Oneida  St.,  Utica,  N.  Y t*^""'     „  °"-  ^-  ^^^ 

i  Assoc.  M.  Apnl  6,  1904 

{BiMBUAnE,  Dakibl  Edwabdh.    Box  545,  Derby.  Conn     April  6,  1901 

igzzELi.,  JoBiAH  'Wo.LiAu.     OcD.   Mgr.   and  Chf.   Engr.    for 

Frank  fi.  Uilbretb,  176  Federal  St.,  Boeton,  Mhbs April  6,  1904 

Iambeon,  John  Bobbs.     Dit.  Engr.,  B.  &  O.  R.  R.,  I  Jun.  Oct.  2,  1900 

New  Castle,  Pa f  Assoc.  M.  Feb.  3,  1904 

)dncan,  Lindsat.     Prof,   of  Civ.  Eng.,   Univ.  of  Colorado, 

Bonldar,  Colo Feb.  3.  1904 

!lt,  John  Stanton.    1107  Tioga  St..  PhUadelphia.  Pa. Mar.  2,1904 

r'ALEB,  Feank  Lbww.    Eug.  Dept.,  CommrB.  of  Water-Works, 

Oily  Ball,  CiDcinnati,  Ohio April  6,  19W 

iovE,    WtLLiAU   Gba!<viij,e.     Aflst.   Mecb.    Engr..   Brooklyn 

Heigbls  R.  R.  Co..  168  Monlagne  St.,  Brooklyn,  N.  Y. ,  Feb.  3.  1904 

jbbbn,  FhedMai.    1M7  Madison  Ave.,  Mew  York  City April  6,  1901 

jEE,  Enobebt  a.     Cons.  Engr.   (Bonnevie  i   Lcc),  17  Jacob- 
son  Bldg.,  Denver,  Colo Oot  7,  1903 
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Kembenbip. 

Lnna,  LiTTHKB  Hammond.    360 West  55thSt., New TorkCity.  April  6,  1901 

LiFurT,  Thouas  Eooene  Lbibd.     Box  6SG,  Bearer,  Pa April  6,  19M 

Loom,  Waj-XAM  Sebley.     39  Midland  Ave.,  Arlingtoit.  N ,  J . .  April  6,  I9M 

UuBisQK,  WIU.UM  Suhb.  P.O.Boi  47,  Feima  Orove,  N.  J.  April  6,  1901 
NicHOLH,   Clibenok  HicKS.    Core,    Sanderaou  t  PotUt,   63 

WUliam  St..  New  York  Oily April  6,  190* 

KiiNOB,  Ci.uun(cE  Webstcs.    Fiist  AbbI.  Kngr,,  I  Jno.  Feb.  i,  1903 

The  Midlund  Bridge  Co.,  Eanaas  City,  Mo.  i  Assoc.  M.  April  6,  1904 
SuTH.  L1.0X11   Bonn.    Care,   Miwouri    Val.    Bridge  &   Iron 

Works,  LeaTeuworth,  Eaoa April  6,1904 

Spiab,  'Walteb  Etans.     Care,  Am.  Ex  press  Co.,  II  RaeSoribe 

(Opera),  Parie,  Prance Feb.  3,  1904 

Wood,  Wihthbop  Babbbit.     Eogr.,  WaniknckCo-iWauBkuck 

MilU,  ProTidence,  B.  I  April  6,  1904 


BiBU.  Arthur  Henri.    P.  O.  Box  682,  Phceniiville,  P* April  5,  1904 

Bbineixt,  Uoo  HiHiLTON.     Cote,  A.  F.   D&via,  U.   B.  G.  S., 

Pb<£liix,  Ariz  Mar.     I,  1904 

BuBUOi,  John  Ona.  3325  Fillmore  St.,  Sua  Francisoo,  Oal..  Mar.  1,  1904 
EixixacHMUiT,  UiNiiv  ScHwixo,     P.  O.  Box  S,  Salt  Lake  City, 

ntah  Mm-     1.  1904 

RoBiNsoK,  GiOBSE  LooHiB.  32  Broadway,  New  Tork  Cily  ...  April  6,  1904 
Sackett,  Aktb OB  Johnson.     t1.  S.  Engr.  OfBoe,  Jacksonville, 

Fla Mar.     I,  1904 

Saocedo,  VicENrx,     Care,  B.  Jobnson,  M.  1.  B.  R.,  Darango, 

Dgo., Mexico Oct.      6,  1903 

StFTTON,  Chabijs  Woon,     Lima,  Peru Dec.     1,1903 

Y*TEM.  WiLUAM  Henbi.    AsBt.  in  CiT.  Eng.,  Colambia  Univ., 

309WeBt]28UiSt.  Now  York  City Feb.     3,  1904 

CHANOES  OP  ADDRESS. 


Adimb,  Abtbur  Lincoln Bydr.    Engr.,     Hayward'e    Bldg.,    San 

Francisco,  Cal. 

Albebtbon  Chablbb Bangor,  Fa. 

Bacon,  Jajties  Batwabd Northern    Hotel,    Port    Arthnr,    Ont., 

Canada. 

Baxbb,  Wiujam  Edoab 37  William  St.,  New  York  City. 

Ball.  Chables   BAOxrrs Ctif.  San.  Insp.,  Dept,  of  Heedth,  Boom 

113,  City  Hall,  Chicago.  III. 
BEtiu>Hi.Br.  Jaueh  WAU..ACE Cons.  Engr.    to  tbe   Comm.,    Manila, 

Philippine  Lilands. 
BoBT,  WiLUAM  HCBBEBT Maj.,  Corps  at  Engrs.,  U.   S.   A.,   246 

Belvidere  Ave.,  Detroit,  Mich. 
DiTNBAM,  Lswia  AoQQSTUE Cons.  Engr..  Am.  Ziao  Eitniatiou  Co., 

318  Dwight  Bldg,,  Kansas  City,  Mo. 
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Ddns,  DahiblBdbeb Div.  Engr.,Con8tr  .  Atlanta  £  Birming- 

hum  Air  Line  Ry.,  1007  EDgliih- 
Ainericao  Blilg  ,  Allallla,  Qa. 

FrroH.CHiBUwLnJOOLN Cons.  Engr.,  253  Throop  .Kvi^..  Brook- 

lyn,  N.  Y. 

FancH,  LopiB  CKiBLTOH Care,   Gtn.   Supt.,   TronsportaUon,  HI. 

Cant,  R.  R.,  Chicago.  HI. 

Qtbbb,  Cbi£i.bb  WiNOiTK Civ.  and  Mid.  Ennr.,  Kearnej,  Kebr. 

GoiNO,  Altih  Sgtmovb Asst,  Eugr.,  Grand  Traok  Pacific  By.i 

Victoiis,  B.C.,  Canada. 

HiBLOff,  JAuisHiTWARD Chf.  EngT.,  SnsqiichaDDa  EUc.  Po»er 

Co.,  2  E.  Pleasant  St.,  Baltimore,  Md. 

HiZiBD,  BoHDYLEE Rosdway  Engr..  Southern  Rj.,  Wood- 
ward Bldg.,  Birmingham,  Ala. 

HoLBBooK,  EujoT La  Jolla,  Snn  Bi^go  Co.,  CbI. 

HowBu,  Fbanklin  DiTiNPOBT.  Jr...  P.  O. Bosl308,  Monrovia,  CaL 

KiMBAt.L,  Fbakk  Cliftor   14  Beacon  St.,  Boaton,  Uohs, 

Lewis,  Fbedbbiok  HoHPBBEnLi.x Mgr.,    Virginia  Portland  Cemant  Co., 

Ford^fiok,  Va. 

LocKWOOD,  Jahib  BtnroN  Cltdb Codb.  Engr.,  323  Globe  Bldg.,  Seattle, 

Waeb, 

LofT^ND.  Henbi  Fiddeuah DiT.  ErecliDg  Mgr.,  Am.  Bridge  Co.  of 

N.  y.,  N.  W.  Cor.  iSth  and  Chpstnut 
SlB,,  PhibidelpbiB,  Pa. 

LowEiR,  Cbibues  Fbedbiuor Engr.  and  Sup  I..  Bridget  and  BldgH., 

C,  M.  ±  St.  P.  Ry.,  1233  Ewlitsj 
Exchange.  Chioago.  111. 

McKicoL.  John  At.kundbb  11  Meroidtrc h.  UaTana.  Cuba. 

MuBoN,  Fbikk  Oeoix Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  league 

Island.  Pa. 

MiTCHEU,,  SiMDEi,  Pbillips Chf.  Engr.,  Am.   Bridge  Co.  of  N.  I-. 

Room  162S.  Friek  Bldg.,  PitUburg, 
Pu. 

pBiGBiiBD,  Henbi  Sswau,  Am.  Bridge  Co.,  Frick  Bldg.,  Pittabarg, 

Pa. 

SaBiii.TZ,  Albert  Lodib Cons.  Engr..  Pitlnburg  Eng.  Co.,  1310 

EeyHLone  Bldg.,  Pitlsbnrg,  Pa. 

SHKBLEFr,  Theodob  Sbmehovttoh SotHCbi,  CaacBHQB,  Rnasia. 

Smodt,  Ei>oui  Kenneth ConueBaionaria  de  las  obras  del  Paeito 

de  Uanzanillo,  Heiico,  79  Paaeo  de 
la  Relorma,  City  of  Meiico,  Meiico. 

Stcakt,  Fbanois  Lee  Engr.  of  Surveys,  B.  A  0.  B,  K.,  Mount 

Royal  Station,  Bullimore,  Md. 

Tailob,  William  DiMi Prof.,  Railway  Eng.,   Univ.  of  WiscoD- 

t.in.  itO  Sterling  PI.,  Madison,  'Kh. 

Weouahn,  Edwabd  Care,  New  York  Aqneduct  Comm..  Slew- 
art  Bldg.,  New  York  City, 

WiLHON.  Charles  Beattt Roadmamtr,  AtUtnta  Div.,  N.,  C.  t  St. 

L.  R;.,  Box  285,  Mariella,  Ga. 
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Bi™,  Gbobob BeprcEflntative,  WeBtingtonBe,  Chnrcli, 

Eerr  A  Co.,  EDgrs.,  1327  Empiie 
Bldg.,  Atlanta,  Gs. 

Bbison,  TaoHAa  Bineb Care,  O'Boarke  Eng.  Oonstr.  Co.,  Nbb- 

saa  Bad  Cedar  Sta.,  New  Ifoik  City. 

BoBNs,  Justin 35  Gotham  St.,  Watertown,  N.  Y. 

Datib,  Fhed  Borrs Eea.  Engr.,  Elder's  Bidge  Branch,  Buf- 
falo, Bocbester  &,  Fitls.  Ry.  Co., 
Goffetown,  N.  U. 

Ohai,  Edwasd,  Jr Tidewater  By.  Office,  Eoanoke,  Va. 

Geibwold,  BAiEu-roTT Snpt.,  The  Barber  Asphalt  Paring  Co. "a 

BeSDery,  Madison,  111. 

HiTCBOPT,  Jaues  IsAio Footoaoy.  The  Grove,  Queen  St.,  Wool- 

labra,  New  Soath  Wales,  AuetraUa. 

Ilslit,  Abtbvb  Bkiuuhn Awt.   Ei^.,  Soulhem   By.,   Waabing- 

lon,  D.  C. 

iujDOH,  Bbnbt  Sodddis ElbertoD,  Oa. 

LociwooD,  WuLiiixD  DiTUB 17  Grove  PI.,  Bochealer,  N.  Y. 

BocnDBico,  Samckl  IhciZBBOii Capt.,    12Ui    U.    S.    Cavalry,    Manila, 

Philippine  Islaoils. 

BoajnL,  Oeoxoi,  Jr Engr.  in  Chg.  of  Sewers,  Wilmington, 

Del. 

RoDjiDBT,  EnoBHB  pEBOimEic 229  Linwood  St.,  Cleveland,  Ohio. 

Skdu,  TAKBnuo SohtiicerBtrBBse  12,  Charlottenbnrg,  Ber- 
lin. Germany. 

SwiTTZXft,  Nblbon  BowwAN Surveying    Div.,    Gen.     Laud    Office, 

Washington,  D.  C. 

TsiBui,  .ToBN  Oebabd Engr.  in  Ghg.  of  Dept.  of  Bridges,  Bor- 

oogh  of  tbu  Broni,  700  Soothem 
Boulevard,  Ntiw  York  City. 

Tebvebk,  EMAnrxL  Loms Contr.  Engr..  Milhben  Bros.,  71  West 

lUSlh  St.,  New  York  City. 

Wjoow,  Tbomas  Hollis Div,  Engr..  Bnrtaa  of  Filtration,  6350 

Maioband  St.,  Pittsburg,  Pa. 

Weioht.  MoBEfl  Eahmibai. Aast.  Engr.,  A.,  K.  4  N.  By,  Co.,  512 

Piudenlial  BIdg.,  Atlanta,  Ga. 

6iLz<(EB,  TasoDOBB Insp.,  steel  Constr..  East  Side  Viadnct. 

Eapid  Transit  B.  E.  Comm..  231  West 
125th  St.  (Res.,  584  Lkuox  Ave.),  New 
York  City, 

Class,  Chablih  Frank AsBt.  Engr.,  Am.  Coke  &  Gas  Constr. 

Co.,  Camden.  N.  J.  (Bes.,  1332  £. 
RitlenhouBe  St,,  Germantown,  Phila- 
delphia, Pa.) 

HARaHBABOia,  Elucb  Dwioht Ronceverte,  W.  Va. 
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Howe,  CkAKLU  Edwibd Tr«M.,  Wabash  HfgCo.,  Wabash,  lad. 

Ullich,  Joseph  Thoiub Oara,  0.  E.  Ledlie,  930   Bialto  BMg., 

Bt.  Lonia,  Uo. 
Mkliok,  Kau.  Ai.bibt Boom  621,  Oiand  Oentnd  SUtioD,  New 

York  Cilj. 
MuBBiT,  Bay AbbL  to  Ohf.  'Eaip.,  Am.  BridReCo.  of 

N.  T..  Ambridge,  Pa. 
PuTOB,  Oboboe  Eul  John DesigDing     and    Contr.     Eiigr.,    Haj 

Foondry    &  Iron   Worlm,    ItO  West 

Fayetta  St..  Baltimore,  Md. 
SiWTBB,  Wn^UB  Ctbub Care,  U.  S.  Geological  Sarvey,  Feodl*- 

WuTKB,  Fsun  MiusioB 2037  Master  St.,  Philadelphia,  P&. 


DEATHS. 

MABiHPiit,  Henbi  Looib Elected  Member,  Hay  Tth,  IBSl;  died 

Mtuch  25th,  1901. 
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phia, pa.,  BOo. 

U)  Journal,  V!esteni»oi:.olEDgn.,lio- 
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(S}  Slevtm  IntlttuU  Indicator.  Stevens 
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PariB.  Frani^e. 
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new  xon  i;icy.  ibc. 

Kc  SntniKerlLoDdiHil, 
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(13)  Snainctrtnfi  .feuit.  New  York  City. 

(U)  The  Engineering  Record,  New  York 

City,  ISc. 
(■■)  Saitroad   Oaiittt.  New  York  City, 

(It)  Engineerino  and    itinltui  Journal. 
Sew  York  City,  16c. 


(4t)  Urn, 
(46)  Scl.n 
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and  Minerali.  acranton.  Pa., 
ijlc  American,  New  York  City, 

8oc.  C.  B.,  New 
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(IT)  Sin, 
ri«) 


,  New  York 

taituat/   and  Enaineering    Review, 
ChicacD.  lU,.  )0c. 

"cirnlific  American  SupptemenI,  New 

York  City,  10c. 
V„=  j™,  Kew  York  City,  lOo. 

Snm'iteer.    London,     Eng- 


iHnd.  ^ 


1  Tradet  Rev. 


ASSOC..  Philadelphia.  Pa. 
American    Oat  Light  Journal,  New 

York  City,  lOo.  _  . ,  _  . 

American  Uni/ineer,  New  York  City,        (6s)  (>#< 


k  Cjty.  tS. 

"       York Vlty,'»10.  ' 
(s6)  Tran*artiim*.  Am.  Inst.  HiD,  Engrs.. 

New  York  City,  $5. 
(87)  Collierii Quaidlan. London, Enaland. 
(SS)  Prorrediagi.  Eag.   Soc.    W.   Pa..  410 

Penn  Aie.,  PlttsbunCjPa..  Wc. 
(SO)  Traniacliom.  Uinlnic  Inst,  of   Scol- 

land,  London  and'Newcaatle-upoD- 

"■Vne-  .    .. 

(«at  Municipal    Enginttrtng,     Indlaiuip' 

oils,  Ind.,£Gc. 
(6i)  Pn«reJi>io«.  Western  Railway  Club, 

as&  Deareorn  Si . .  Chicago,  111.,  BJc. 
v6»)  American   Manufacturer   and  Iron 

irorW,  W  Ninth  St . .  Pittsburg.  Pa. 
(«3)  Minuter  of  Proceeding*,  Inst.  C.  E.. 


k  City.  aoc. 
ingt.  New  Y 
[jofclyn.  N.  1 
1   Lighting, 


York  City.  lOc. 
(>g)  Journal,  New  Kniland  Water.  Works 

Assoc.,  Boston,  tl. 
(i()  Jouritai,  iiociely  ot  Arts,  London, 

England,  16c. 
(J»)  Annalei    del    Travavi   Publi 
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catco.lll..seo. 

(68)  Vfnfno  Journal,  London.  England. 
160)  Mill  Ou-nert,  New  York  City.  !»■. 
(JO)  Enoineerinp  Beviea:  New  York  City, 

10c. 
(71)  Journal.  Iron  «nd  Steel  Inst..  London, 
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LIST  OF  ARTICLES. 
Bridse. 

The  QrBphlcal  Calculation  of  Flange  Stresses  in  Ofnlers  and  Trusses.*    Oscar  Sam 

U)  Feb, 
Openlnii  Bride 


WBHdeeoverBarklnRCmk*    (i»  Mar.  4. 
Jever BHdge over  the  &BlRiTer.*    (til  Mar.  4. 
terbalanced  Draw  Rpan  on  the  Chicago.  Mllwitukee  £  St.  F 


New  York  Cil, 


electrical. 

An  Electric  Percussive  Rock-DrllL*    Edward  Dane.     I74)  Vol,  la 

The  Use  of  Group-SoltcheB  In  Larve  PoKer-PIAUIs,    I.,  B.  StlUwell.    (41 1  Jan. 

TemilnalB  and  Bushlnss  for  HIsh-PresHure  Tmnafonuerg.    WsJter  H.   Uood;.    {. 

Overliead  HlKh-TensioD  DIatributInK  Syatema  in  Buburbao  Districts.    Oeorge  H.  Lul 

AuCcHnatic  Apparatus  for  Regulating  Oenerator  and  Feeder  Poieutlals.*    £.  J.  Bech 

Saf^uardsaadRegulatlonslnOpcratlonof  Oreibead  Distribution  Syslenu,    W.  C 

Speed-Tung ue  Cbaracteriallcs  of  the  Single-Phase  Repulsion  Motor.    Waller  I.  SUckl 

The  Mpclmnic&l  CODStruction  of  Reyolving  Field  Alternators    Davtd  B.  Bushmore.  t 

Feb. 
A  Contribution  Ut  the  Theory  of  the  Regulation  ol  AltemaUirs.    H.  H.  Hobart  aiu: 

Punga.     t«i)  fVb. 
Eepulslon  Motor.    Comfort  A.  Adams.    I41>  Feb. 

TraniirormerB  In  Kepalr  Shops  for  Testing  Armature  and  Field  Colls.*    Il7)  Hsr. 
The  Rledler-Slumpf  Steam  Turbines,*    Walter  Rappaport.    {>«)  Mar.  4. 
TheEquipmentof  an  Engine  Test  House.    R.  K.  Horcom.    I  Paper  read  before  the  1 

of  Elec,  Kngra.)    |J3)  Mar.  4;  Abstract  (>6)  Mar.  as. 
A  Sew  atethodTot  Detecting  Electrical  Oai^UlBtions.'    J.  A.  Ewlug  and  L.  H.  Wall 

(Paper  tbfi.I  bufore  the  Hoval  Society. )  (73)  Mar.  4, 
AlteroalArsIn  PaiHliel.'    H.  Bohle.    (P^per  read  before  the  Inst,  of  Elec.  Eugrs.)    ( 

Some  Appilcstlona  of  the  Theorj'  of  Etectrolyais  to  the  SeparatlOD  of  Metals  from  I 
^ocfier*    A.  Hollard.    (73!  Mar.  11, 

d  Speed  of  Electric  Motors  as  Affecting  the  Type  to  be  Employed,*    H.  H. 
{l%per  read  before  tiie  Inst  of  Elec.  Kiigrs. I     (73)  Serial  beKlnning  Mar. 
act  (36\  Mar.  W:  ut)  Mar  la 
irtcity  Works  and  Destructor  of  the  Metropolitan  Borough  of  Hackney.*    1 

Calculation  of  Motor  StaVtliig  RheoetatK,    F.  Meiirer  and  A.  Simon,    (it)  Mar.  li. 
The  Design  of  Motor  Starting  Rheostats.    Mai  Frel mark,    (ay]    Mar.  li 
The  Choice  ot  Wattmeters.    U.  P.  Davis.    (171  Mar,  IS. 
Eii..t.r[cP«i.i.rni«rih>utlonina8flshandDoor  MUL*    In)  Mar.  IB. 

id  TrBDBinlsslon  System  of  ScbaRhauaen.  Bnltierland.*    <ij) 

^^  R^cuiatlon.*    Emerson  Q.  Read,    (jyl  Mar.  It. 
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Etectilc  Traction  for  FreigbC  TraD^portatii  n  la  the  Cblcaico  Telephone  Tunnels  ■    113) 

Earih  Connections.    W.  Hoon.    |>6)  Serial  beginning  Mar.  If, 

Rubber  Insulailon.     lis)  Mar.  IR. 

.A  Central  Station  nlthSteamond  Water  TurblDes.ZaneHvllls.O.-    (14)  Mar.  18. 

electric  WlnUlnjt  Engine**    Maurice  GeorgI,    iPaper  read  before  the  Inirt.  of  Eloc. 

KngriLl    («(ti  Mar.  19;  (711  Mar.  IH. 
ReconstnicCloD  of  tbe  Zan?avlile,  O..  Railway,  Llsbt  and  Power  Company's  Property.* 

l»7i  Mar,19;  1171  Mar.  10.  >~  j  >~    .. 

On  Turbo.  DynatnOD.*    F.  NiethammM.    (ijl  Serial  bog  Inning  Mar.  IB. 

M«iauremr~"  -'  '-■ '  "—■-• '-  ■•-■ >....-..,._-..  u..u..j  •    .. 

SUndariili—., 

Direct- ReadiuK  Muaitur..._ ^.^ „ 

Franklin  Punga.    lAbMractof  Paper  read  before  Ibe  Inal.  of  Elec.  Kugra 

3<rtal  beelnnlng  Uar,  ia. 
Paver  Supply  in  Sunderland.*    I731  Uar.  %. 
A  I'niieraal  StiunC:  J.  Kymer-Jones  Pattern.*    Ia6)  Mar.  SB. 
Same  Uses  of  ibe  Oscllloitrapb.    iPaper  read  before  the  Inst,  of  Elec.  Engra. 


TbeTolepfioneSubiitatlon.'    Arthur  v!  Abbott.    (171  Serial  beglnnlnn  Mar.  20. 
Vertical  Holor-Uenerator  Set.*    07)  Mar.  ««. 
Tbe  i>l»l[  Motor.    N.  H.  EdRertOD.    ia7hMar.a 


..  Heathcote  Waller.    07)  Mar.  S8. 

j>.    Mar.M, 

.... er  Tables  at  Duquesne,    Albert  KJngabury.    (lO)  Mar.  ai. 

TheHidro-ElectrlcSiationsot  the  Alla-ltalhi  C'trnpany.*    Enrico  BIgna mi,    lo)  Apr. 

New  Electnclly  Workeat  West  Ham."    173;  Apr.  1. 

Receni  l>evek)pmeDt  Id  Meial  CMi'lulte  fur  Electric  Light  Iiwtallationa,    L.  M.  Waler- 

hoiue.  A.  M   [net,  C,  E.    |lAI  Apr,  1, 
The  Localiiatlonu/ Breaks  In  Submarine  Cables,    lafii  Apr,  1, 
Energy  Distribution  10  Bub-Stadonii,    C,  Alfred  Smith,    lAbslract  of  Paper  read  before 

ttieinst,  of  Elec.  Kngrs,)    i73)Apr,l, 
The  Snpply  of  Electriciiy  to  Small  Towns,    T,  TomllnsoD.    (Abstractof  Paper  read 

before  the  Inst,  of  Elec  Engrs  I    '«6I  Apr,  1,  ^ 

Electricity  for  SmiiUTowna,    G.  MarehsU  Harrlsg.    (16)  Apr,  1. 
The  Shielded  Balance.*    G,  A.  Campbell.    ia7iApr.2, 
Cables  tor  Electric  Ligni  and  Pouer,    (171  Apr,  2! 
Simultaneous  Telephone    and    Telegraph    I^uipment,*    Le  Roy  W,    Stanton,    (>7) 

ElectroiyiilB  as  Caused  by  the  Railway  Return  Current,*    Albert   B.    Herrlok.    I17) 

Booetvr'CalculBtlone  Wm.  A,  l/el  Mar,  07)  Apr.  9, 
Hynehrououfl  t7oavertera.  F.  G.  Baum.  {a-j  I  Apr.  V. 
Steam  Turbine  and  Other  Features  of  the  Port  Huron  LIglit  and  Power  Company's  Sta- 

La  Reaction  I'lnduit  dans  les  A'lternateuni:  DisUirslOD  et  Dlspeision.    C.  F.  Qullbert, 

1361  Serial  berfnnlna  Keb.  Si. 
L'ACGUmuisteur  Edison.*    (331  Mar,  ES. 

Electric  Power  in  Brltlah  Shipyards,    C.  S.  Veeey  Brovo.  M.  tnet.  C.  E.    fio)  Serial 

beKinuIng  Mar. 
PnaitiUltiesof  Deaign  In  Cargo  Steamers,    George  Klcol.    (io>  Mar, 
Flnt-Claaa  Armoured  Cruiser  Xrntilr.*    {ill  Mar,  IS, 
Superheating  on  StfAmHhipB,    ii>l  Mar,  25, 

TheTwln-Screv.-  Cable  LaylneSleamer-S'l^pAan,    (ill  Serial  beginning  Mar. 26. 
The  Battleships  7riunt^A  aaSSai/taure.  Late  Librrtad  and  Cwi^titucion.    Sir  Edward 

J.  Reed,     {Paper  read  before  tbe  last,  of  Naval  AruhtK.i    (ii)  Mar,  a. 
Gyroscopic  Effect  of  Fly  Wheels  on  Board  Ship,*    OlCoSchllck,    (Paper  reed  before  the 

. —   -"  "--iL  Archie.)    (11)  Apr,  1;  Abstract  (IJI  Apr.  1 

....j_>- , ..     .s   „    . — .._      (Paper  ^^^  before  tbe  Inat,  of 


oine  R^IIg  of  Node!  Eiperimen 
Naval  ArchtB,)     —  ' 


Oaaand  CMlEogineB  (or  Marine  Propulsion."  John  E.  Thomycroft.  (Papcrread  before 
thelnU.  of^aval  Archts,!    (47)  Apr,:.*;  AbstracMia)  Apr.  1;  liii  Apr,  1. 

Steam  TurbioePrupulsionror  Marine  PunxHies,*    A,  Rateau,    1  Abstract  of  Paper  read 

_    betore  the  Inst,  of  Naval  Arcbts,>    U7l  Apr,  li. 

Elude  sur  lea  G#n«rateur»  Mariosa  Tubes  d'Eau  et  a  Grande  Producliou.  E,  Duchesne. 
13a)  Jan. 

Mecbintcal. 

Formuls  for  Calculating  the  Size  of  Wire  Ropes,    Sheldcn  i 
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-(CoBtlnned). 
FormuLBB  for  ProDortloalns  <l>e  Rair  M&terl>]s  In  Cemmit  Uuiufacture.    Richard  K. 

Meade.    1A7'  Feb. 
Xwl  an  Used  in  the  ManutBcture  of  Portland  Cement.    Ellis  Soper.    (6?)  Feb. 
mscrlbutioii  of  Heat  !□  a  Rouu-y  KJId,  Also  Reeiilte  of  a  Test  of  a  Procew  tor  UtilldnB 

Waate  Heat  (rom  Hot*rr  »>ment  Kilns.    H.  C.  Carpenlar.    (From  fiibtey  Journal 

ofEng,.  Cornell  Univ.i    (671  Mar. 
Coal  and  Coke-Randlloft  Machinerv  of  the  Coke  Plant  of  the  Lackawanna  Inm  ±  Bteel 

Co..  at  Lebanon,  [^.*  Airred  Ernst.  (41)  Har. 
Power  ltequlr«il  to  Drive  Machine  Toole.  130)  Har. 
B7-Product  Coke  Plant  at  the  Lao kawanna  iron  &  Steel  Co.  at  Lebanon,  Fa.*    W.  R 

Rolbber^.     {4s)  Mar. 
. .,^__^_    _.„....,_,..._ — , .    W.K.Crane. 


lory.*    W.  R.  Crane.    (48)  Mar. 
81.  lAulB  Eippeltloo.*    (4*)  Mar. 
Entclnei.    F.^.  Dwn.    (at)  Mar. 


OuPowerrorHUh-Pre«ureC11y  Fire  Service.*    J.  R.  Blbblne. 

A  Heiksn  Qas  Power  Plaai.    1611  Har.  4. 

TheEqulpment  of  an  EnKlne  Teat  House.    R.  K.  Momnn.    IPaper  read  before  thelnst. 

ot  Elfc.  Eura.  I    :73<  Mar,  4, 
Tbe  De  Laval  Steam  Turbine.*    T.  C.  Forte.     (Abstract  ot  Paper  read  before  the  Inst. 

of  Elei-.  Engra.)    (73)  Har.  4, 
Water  Tube  c.  Flue  Boilers.    A.  Hobhe.    (Abstract  of  Paper  read  before  the  Manchester 

Asiioo,  ofEngTs.)    1J»I  Mar.l;  (ii)  Har.  4, 
The  "Mark"  TC^rm-Qeared  E^Uev  Block.*    (ia>  Mar.  4. 
Doon  for  Heating  Pits,    T.  H.  Lauder.    Ua)  Mar.  4. 
WeldliH  TIrea  for  Vehicles.*    <ii  <  Har,  4. 
Tbe  Introduction  of  HlKh.Speed  Steels  In  EnglneeriiiK  Work-Shops.*    Frank  Flelden, 

li-ln.  Hydraulic  Borlag  Lathe,    (la)  Mar.  4. 

Improvements  In  Steam  Turbines.*    (47^  Mar.fi. 

SuperhesUng  and  Forced  Lubrication.    (47 }  Mar.  5. 

4  Two-Stroke  Impulse  GaB  Engine.'    (47)  Mar.  B, 

Kalei^Tnbe  Boileis  for  Stationary  W<a^.    (47)  Mar.  S. 

Alr-Litt  Pumpe.    147)  Har.  B. 

^.^..  „- -!■-.. .,._— n^__,.__._..    .,  ...  -._._     (Paper  read  before  the 


'    (>6)  Mar.  11. 

The  Manufacture  ot  Emery  Wheels.*    Waldon  Fawcett.    (19)  Mar.  IS. 

TbeTysard  Reciprooat ins-Cylinder  Double-Action  Qasolene  Motor.'    (46)  Har.  IS. 

UmltCbugw  for  MacUne  Fits.*    I47)  Mar.  ii. 

ComparlsoD  ot  Calorimeters.    J,  S.  S.  Bnune  and  Wallace  A.  Cowan.    (47}  Mar,  IS. 

Use  Of  Stripping  Plates  la  the  Foundry,*    (47)  Mar.  13. 

Tbe  Gas  Engtoe  for  Ontral  Station  Rernce,'    (17)  Mar,  It, 

The  Works  of  tbe  EKiptlanPoHland  Cement  Company.*    (14)  Har.  IS. 

Comparative  Boiler  Tests  with  Ordinary  and  Pulverized  Coal  Firing,    1 14)  Har,  !£. 

Cement  Eumlne.     (DtBCOSsion at  tbemeettngot  Ihe  Assoc,  of  Portland  Cement  Mfrs,) 

114)  Har.  iC  ' 

Inclines  at  Kew  Bedford,*    C.  B.  OlSord,     {Paper  read  before  the  New  Englaod  Assoc. 

of  Gas  EDRra.)    tS4)  Mar,  It, 
Iicllnea  as  Used  at  Lynn.*    C.  F,  Prfcbard,    (Paper  read  before  the  New  Encland 

Assoc,  ot  Gas  Ensrs,)    (34I  Har.  14, 
TheGypBumPlasterltidustryot  Kansas,'    W,  R,  Crane,     (16)  Har,  IT, 
The  Terry  Steam  Turbine,'    (loj  Mar.  17. 

The^reen Fuel  Economteer.    A.  R,  Hlackbum,    (Paper  read  before  the  Philadelphia 
in  a 


ir^'Yj 
■'  "issey.M.  r,  Mech,  E,    (4; 
I.  uledhllL    (Paperread 


ir,  M,  Inal.  C,  E,    (47)  Har,  IB, 
F.^Stossej'.H.  r,  Mech,  E,    (47)  Har,  IB. 


lerlal  beslnDlDg  Mar,  S4, 
Frank  Fielden.    (.63)  He 

,  Har.  £4, 
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«E]potrip^AMtg.  Company.*    C.  C.  Tjter.    (Ab- 

The -Sorts-' easier:  A  Type  Casting  Mai^hli 

The  Boiler  Plant,  Saint  LouU  Exposition.'    ,,_,   .. 

Tonl  O rinding  Hdch I nes.    Josepb  Horner.    iii>  Serial  beginning  Mar.  K>. 

The  Diesel  Engine.    Ij6l  Mar.A 

AEriol  Navigation.    O.  ChanuCe,    (Paper  read  before  the  Amer.  Assoc,  for  the  Advanoe- 

ment  of  Sdeuce. I    lio)  Mar.  2«. 
Soperbeated  Sieam  at  a  Water- Works  Pumping  Station.*    ( 14)  Mar.  M. 
The  rnusDUssion  ot  FoH-er  by  Ropea.*    Edwin  Kenyon.    I47 1  Uar.  ta. 
Test  of  aHign-SpeedTrinle-EipaiiHloii  Engine.'    (47)  Mar.  X. 
TeadoeorindepeDitFnt  Water  Heaters.-    A.  J.  Camptvell  and  QwrRe  B.  Leiand.   (Paper 

read  before  ihe  Sen  England  A.9»oc.  of  Obs  Engrs.l    (14)  Uar.  ai. 
The  Xotorsof  the  r'uture.*    Suilolf  Berg.    (6it  mar,  31. 
CiesLingSieam  Boilers.    W.  H.  Walieman.    («>i  Har.SI. 

raparative  Steani-Enimp  Test  with  Saturared  ana  wlih  Superheated  Steam.    John 


i  Large  Spur  Gear  Cotter.* 
1 11 —  ■>...  n — ^fging  Counti 

otMachluel ,^,.  -r-. 

«  Drilling  Macblnea  tor  Boiler  Shell*.*   Frank  C.  I^klna,    (41)  Apr. 


WIrioe  ot  Machlue  Tools.'    ().  W.  Bodler.    (301  Apr. 


Thr  ComiiarBili 

"-'b.     1«1    fl.u.. 

>pe  slope  Haulage.'    (45>  Apr. 
:Wlrefio-~-    ■    -'    ■-- 


Robb,    i^l  A|r^^ 

ttock-Oeared'Cnuik  Shaper.*    135)  Apr, 


Splkrli 

Molor-Drivpn  Macliine  Tools.     ,_„,  „,.. 

TbeCasliey  Pneumatic  Pmicb."    (41)  Apr,;  (>il  Apr. 

^jiiipenalon  Cableway.i.*    Andrew  A.  Bruch.    (4))  Apr. 

Praoilcsl  Polntu  In  the  ComrtructiOQ  and  Use  o(  Wire  Rope,    L.  C.  Moore.    (45)  Apr. 

Vire  Rope  Haulage  Pnibiem.*    Geo.  S.  Whyte.    14s)  Apr. 

The  BlHcben  Wire-Rope  Tramway.*    (431  Apr. 

Wire  Rope  Tramways,"    J.  H.  Janeway,  Jr,    (4g)  Apr, 

HoisIliiK Ropes.    Oso.  B.  Why(e.     '4g)  Apr. 

Tte  Tnnsmlnslon  of  i^>weT  by  Wire  Ropes,*    W.H.Oravea.    (45!  Apr. 

Effects  of  Bending  Streaaes  on  Wire  Rope,    J.  B.  Rlcbarda.    (45)  Apr. 


_.  —  .„ — ,  jf  the  Brown  Engine.*    <(i4l  Apr. 

Griqueltlng  l^-ue]  Ualenal.    ileorge  IS.  Walsh,    (64)  Apr. 

PisEoDs  and  Paeklng  RIuks.*    (64)  Apr. 

SomMtilDg  about  Piping.*    W.  H.  WaEeman,    («4l  Apr, 

Eipenmeau  10  Determine  the  Adiantages  of  SuperheaCiog.     Emile  QuarlDl.     (64) 

Ktciprocating  Sets  us.  Turbo-Oenerators.    I.  Willlatn  Chubb,    (1)4)  Apr. 

Ikf  Seleclmc  and  Testing  of  Lubrlcanta.    A.  O.  Doaoe,    1641  Apr. 

LutarioatlDg  Oilaand  ThMr  Propertlea:  How  lo  Test  Them  aod  to  Detect  Adullerationa 

VtD.  DaTla.    (64)  Apr. 
Tlw  Economy  o(  Reriprocatlng  Englaea  at  Light  Loads  as  Compared  with  That  of 

Sleam  TurWnea.    J.  A.  Seymour      '64)  Apr.;  (37)  Apr.*. 
Mmi.Orabam.  Morton  and  Co. 's  Works  at  Leeds.*    (571  Apr.  1. 
neWeetlnghougeSteamTurUne.*    (731  Apr.  I. 

XmnonTesttt  of  Rapid-Cutting  Steel  Tooln.    C.  Pendlebury.    (i>i  Apr.  1. 
TleWolseley Light  Bn-Horae-Power  MotorCar,'    <■■)  Apr.  1. 
BtfrigeratioD  trom  a  CompresBed-Alr  Motor.    ( 14I  Apr,  E. 
i-wlit  Steel  Oa«  Plant  Roofs  in  England.'    (14)  Apr.  1 
0«H1ngorMotor-DrlTen  Machinery.*    i47)Apr.e, 
ImproToiieDls  lo  Pneumatic  Hammers.'    uyj  Apr.  1. 
ComparatlTe  Boiler  Testa,    (ta)  Apr,  ;. 
!<«u  Portland  Cement  Practice.    <<i>)  Apr.  t. 

7«> SoggtBtlona  for  Eihauat  Steam  Heaflng.*    William  E.  Wood.    <■*)  Apr.  7. 
DiKb-Prenure   MuHl-Stage  Turbine    Pumps   with   Special    Balancing   Device,*    (13) 

«  Not  Used  In  Portland  Cement  Works.    Edwin 

ieand  It*  Ffeld  Id  Marine  Work.    H.  C.  Dinger.    (46)  Apr,  9. 
TtBFfeltter  Spring  Motor.*    (ml  Apr.  7. 
»»nier  Out  Meter.*    uoi  Apr.  T. 
peLMigeiiTwoSpeedCouDterBhaft.*    (»ol  Apr.  7. 
ame  Rootch  Superheaters    (30 1  Apr.  T. 

wrerslngVaiTestor  BegenerBtireFumacee,    A.  n.  WUllams,  Jr,    iiol  Apr.  7. 
i«-ronIra»elingYardT)errlck.*    (i8)Apr.a. 
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MKhii  n  lea  I— t  Continued  t . 

SMun  Turbine  and  Oth-r  FeiitureB  of  Uie  Port  HoroD  Light  and  Power  ComiWDr 

StatJoD.'    Junes E.DaTldmn,    (S7)Apr.B. 
Stcun  lurblne  Plant  of  tbe  Port  Huron  Liichl  and  Power  Company.*    (u)  Apr.  9. 
PoK«r  Production  and  TrangmlBslOQ  in  the  BtuyveeaDt  Elerator.  New  Orleaoa.*    (14) 

Apr,  B. 
EciHiomy  In  Oxide  PuriflcatloD.    H.  L.  Klce.     IPaper  read  before  the  Obki  Qu  Light 

Note  gur  I'AnatiOD.    J.  Mawau.     (31)  Pt.  4. 1S08. 

etude  sur  lea  FoumRotatlfB  pour  la  CuiBsoD  du  Clment.*    Foul  Ltvaen.      (jO)  Serial 

LHCImentadeLaltler.TTpeaPortlaDd.'    E.  Basin.     (35)  Uar. 
Appareils  de  Nettoya^  par  le  Vide.*    134)  Mar. 
LeLaboratoh^de  tlHanlciuedu  ■■  Palytechnlkum  "  a  Zurich  {! 
Imaullatinm  R^centes  de  Qraudes  Muaalns  a  BI6.*    A.  Bldai 

Har.«6. 
MclallurslcBl. 

SimpUnic  aad  Dry  Cnublut  In  Colorado.*    Philip  Ar^all.     (74)  Vol.  10. 
AHeifaod  or  Testing  Cyanide  Holutlong  CoDUtlnlDg  Zinc,    Leonard  H.  Oreen.    (74) 

Vgl.  10. 
TbeTltradon,  Use  and  Preelpltatfon  of  Cyanide  Solutions  Containing  Copper.    Waltw 

H.  VIntoe.     (74)  Vol.  10, 
A  Dry  Procenfor  the  Treatment  of  Complex  Sulphide  Orel.  H.  LiTlngiton  Sulmanand 

Hu«h  Elrkpatrlck  Plcard,    (74)  Vol,  10. 
The  Plerrefltte  Concentrating  Mill,*    Hervyn  8.  Btutchbury.    {74)  Vol.  10. 
DlBlortlonand  Rupture  of  Iron  and  ikift  Steel,    F.  OffinODd  and  O,  Gartaod.    <6a) 

Copper 'Limhb  in  Blast  Furnace  Slags,     WlUlam  A.  Heywood.    {i6)IIar.10. 

Ponbdry  Practice  with  Copper  and  Its  Alloys.    W,  J.  Beardon,    {Abstract  of  Paper 

presented  before  The  Electric  Club.i     lOa)    Mar,  10, 
Notes  on  Some  Ra-Qrlndlng  Macblnea.    HanlD  Schverln.    (i6)Uar.lO, 
A  Cantilerer  Battery  Frame.*    Ira  C,  Boss,    (■«)  Mar,  ID. 
The  ConUniious  Steel  Process  In  the  Opeu- Hearth  Furnace.*    faa)  Uar.  II. 
High-Speed  Tool  Steel:  t(a  Manuracture  and  Urn.*    J.  M.  QledblU.    (Abstract  of  paper 

read  before  the  CoTentiT  Eng.  80c.)     (la)  ilar.  11. 
Borne  ApplicatiODS  of  the  Theory  01  Electrolysis  to  the  Separadon  of  Uetals  (roin  Ooe 

Anoiher.'    A.  Hollar.1.    (731  Mar.  11, 
The  Hlime  Problem.*    T.  L.ane  Carter.     (i6)Har.17. 
-.  ._     ,. ..__     ^  -jaiagger,     (16)  Mar   -* 


Can.  Ry,  Club.) 


'«>>  Mar.  SI. 
Notes  on  the  Behavior  of  Zhic  In  the  Blast  Furnace,    John  J.  Porter. 


ibaralory  Work  under  Smelting  Conditions. 
>e  Electric '" '  " '—  ---'-•■'•■" 


id  TemperioK  Rteel.*    A.  StansSeld,     (Abstract  of  paper  read  before  the 

.^,  Club.)     (igl^Iar.  IB, 

Electrolytic  Copper  Kellnlng,     Wilder  D,  Baacrolt,     (Abstract  of  paper  read  beforetbe 

In  Iron  Cupolas,    F.  Wust.    (From  SUM  und  Eium.) 

n  the  Blast  Fi 

ng  Condition! 

leltlng  of  Complel  Sulphides. 

A  NSH  Slime  Table.*    (i6)MBr.S4. 

The  Bntlsb  Westlnghouae  8t<^  Foundry  at  Tralford  Park.  Ibnchester.*    (»)  Har.  M. 

Coloring  of  Hetala.    Paul  Halherbe.    (From  tuef.'AronJ^tM  ^ndiutruire.)    (ip)  Mar.M. 

Cod 'erter  Accessories.*    C.  H.  Glawer.     (16)  Mar.  81. 

Blut  Fomsce  Qas  As  the  Only  Source  of  Power  tn  Hodam  Steel  Works.    Kari  Qruber. 

IFroni.9faJVtun<I£fKn.)    (6*)lUr.81. 
A  Sew  Process  for  WeMIng  Alumlntim.*    .'69)  Har.  SI. 
AliunlDO-ThennlcH.  or  tbe  Production  of  High  Temperatures  by  Bumlag  Aluminum. 

E.8tflta.     13)  Apr. 
Recherches  but  lee  Actors  au  Cbrome.*    (33)  Serial  beghmlng  Mar.  S. 
MUiUry. 
The  New  Vlckei^MazIm  S.S-Inch  Wlre-Wonnd  OuD.^    (46)  Har,  K. 

(iM  Mming  In  Hatsbeleland.*    Q,  R.  Carey.     (74)  Vol  la 

The  Kaiping  Coal  Mloea  aad  Coal  Field.  Chlhle  ProTinoe.  North  CHiIna,*    Herbert  C. 

The  Occurrence  and  Mining  of  Gold  In  the  Dutch  Eait  Indies,    S,  J,  Truscott.    (74) 

Vol,  10, 
The  Rydraullc  Installation  at  the  Mines  of  the  Compallla  HInera  de  Psnuco  (Ueiloo).* 

Horace  L,  Short,     (74)  Vol,  10, 
The  Ctttl  naaber  at  Howe.  Indian  Territory,*    W,  R,  Oane.    (4a)  Har. 
Klectric  Mine  Looonobves:  Tract lon^Thu^- Rail  and  Sprocket  LocomotlveB.     Wm.  L. 

ASelder.    (Paper  read  before  the  Weelern  Fenn.  Cent.  Hlu.  Inst,)    (41)  Har. 
A  Brlet  Outline  of  tbe  Mining  Department  of  the  Hokkaido  t^olllery  and  Railway  Co., 

Japan.*    K.  Tonekra.    <4g)  Bertalbeglnnlng  Har. 
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. „ , JBStI»tB.»     (S7) 

pDlyph&BenauliDKPUiatiitBarsoTerCoJllery.*    (S7l  XatA. 

Fuoel  Id  Mlnlnc  Timber.*    Jules  Eliiner.    (laiMnr.  4. 

The  FnmlnirotReotAn^liu-Sluifi  Sets*    Wilbur E.  Sandere.    (|6)  Mar.  10. 

EodlmsCbHlD  Wlndine  la  Vertical  Sl&tW.*    ISTl  Mar.  11. 

Application  at  Electricity  tor  Wlndlnit  and  Otber  Colliery  Purposes.    Maurice  (Jeorgi. 

(Ahatract  of  Paper  resj  before  the  Mnncb<*t*r  Owl.  and  MID.  Soc.)    (lai  Mar.  11. 
Comp-mndComlsbCyclePumping  ifuiglDe  IforHlne^).*    ml  Hnr.  IB. 
Electric  Wiodlnf  RnfriUM.*    Haurlce  Ueoiici.    (Paper  read  before  ths  Inst,  ot  Elee. 

Ensrs-i     f68i  Mar.  IB;  (73)  y~-  •- 


ic  ffauUKe  In  Mines.    I47)  Mar.  ID. 

tc  Pooer  in  Qold  DrsdeTair,'    C.  Weston  Clark.    (17 

Gold  DredKlng  uoder  Difflcult  donditions.*  _  F,  Winter  Tay 


TaUlngB  Elevators.*    W,  K.  Wood  and  E,  J.  Laeohlnger.     lAbetroct  from 
of  iheUecb.  Engineers' Assoc,  ot  the  Wlt»-- "  ■      --.---"• 

A  Note  on  Ihe  Conatrucllun  of  Mine  Bulklie 
before  tbe  Can.  HIn.lntt.]     (161  Mar.  84. 

Cableirays  for  Open-Pit  Mining.*    Hpencer  Miller:  U.  Am.  Sac.  C.E..M.  Am.  tost.  M.'E. 

Koleson  tnneBopea.*    Charles  W.  Cumxtnck.    |JS>  Apr. 

TtaeOoalFleldsorCron-BNest  Pass.BntlshColumbln.*    E.  Jacobs,    'ql  Apr. 

The  Mechanical  Equipment  of  Colllerlai.    Oeorge  H.  Wlnstanley.    (Abstract  ot  Paper 

rea-IbeforetbeMancbeeterOeol.andHln.Suc.)    <|6)  Apr./ 
Aocomutateur  de  Vapeur.  8yst«nie  Bateau:  Installation  Falle  aux  HInee  de  Bruay.* 

Ch.  Dantln.    (33)  Mar.  12, 
MlaoeltaDeocu. 

Tbelnch  Unit  System.    Thomas  Parker.    <ii>  Uar.  4. 
MsBlclpal. 
Oe»  FMwer  for  High-PreMum  City  Fire  Service.*    J.  R.  Blbblns.     '  —  '  w— 

hachlneMliedroncreteas  Applied  to  Btr«et  Work,*    D. 

Hlgh-FTwKUre    Water  Service  for  Fire  Protection  in  ri_..    

I  Abstract  of  B<'pt.  to  John  T.  Oakley.  Commr.,  Dept.  of  Wnter  Supply.  Gas  ft  £lec- 

trlclly.l  (Ml  Mar.ia;  Report  iistHar.M. 
DelallsofStre^tPBvementslnRBlILakeClty.Utah.*    114)  Mar.M. 
BtiTOt  Pavements    Louis  M.  Pfelffer.    (Abstract  of  Paper  read  before  the  Colorado 

Pol.  Aeaoc.)     (601  Apr 


In  St.  T.oulii  Terminals.*    A.  P.  Qreenatelder.    (Paper  r 

_     ClubofSt.'— ' '— 

Square  RouDdbomies.*    C]eo.  P.  NIcb 

TEe  lubriiatlon  ot  Locomotive  Va!»e«aoa  uyiinuers.    u.  K.  nacimin.    101 )  reo.  10. 
VentUatliu  Syatem  [n  Blacksmith  Shop.  Northern  Pacific  RaUway.*    (19)  Mar. 
Renewal  of  the  CirDepartrnetit  at  Ihe  Portsmouth  Shops:  Seaboard  AJr  Line  Railway.* 

(39}  Mar.  '^ 

Railroad  Shop  Toolq.*    CnarlcflH,  Fitch.    Ijv)  Mar. 

Snoir  Screens  and  Fences.*    R.  B.  ScholeBeld.  Assoc.  H.  Inst.  C.  E.    (ai)  Mar. 
Simple  Frelgat  Locomollve,  N.  Y.  C.  *  H.  R.  R.  R.*    ijfl)  Mar. 
American  FretKht  Car  Bogles.*    (>i)  Mar. 
PowiM-  Station.  RalUnB  Stock  and  Dispatching  Sj'Btein  of  tbe  Fadllc  Electric  Rallvay 

Companv.*    |i7)Mar. 
Electric  RallirByB  nt  Ohio.*    (171  Mar. 
Electro- Pneumatic  Signalling  at  Bolton:  Lancashire  and  Yorksblre  Railway.*    (at) 

»-Ton  (Jovered  Wagons;  Great  Northern  Reilway  of  Ireland.*    (Ji)  Mar, 

Heavy  Continental  Passenger  Tank  Engines.*    (>■>  Mv. 

Canpreaaed  Acetvlene  tor  Lighting  Railway  Carriages,    E,  O.  Fisher.    (Abstract  of 

Paper  read  before  the  International  Acetylene  Assoc. I    (ai|  Mar. 
FreocB  Syatcm  '  ot  Beating  RaOway  Carriages.*    (ail  Mar. 
TrlalBOtQulck-ActiDgRBtlwHy  Brakes,    (ill  Mar.  4. 
The  Albnla  Railway,*    <ii)  Serial  heginnlog  Mar,  4. 

Trlalaot  the  Great  Weslem  French  Engine.    Charles  Roiis-Marten.    (11)  Mar.  4. 
Dlttributknof  Loadson  Locomotive  Axles.    A.T.J.  Kersey.    1  la)  Mar.  II. 
Atlantic  Locomotive  tor  tbe  Northeaerem  Railway  of  England.*    (40>  Mar.  11. 
^.  ^.,. .  ^__-.,.  .,__.  ,0.,.     „  ^   ^   ..^t (^„.  jjg^  „_, 

,  Topeka  and  Sania  Ffi  RaOway.* 


The  BailwBvB  of  Canada  since  18DT.    G.  W.  P.  Atkinson.  I40) 
Foiir-(!yllDder  Compound  Locomotive  for  the  Atchison,  Topeti 

blocking  Up  Track  in  Severe  Cold  Weat 

WrecUug  cFutats  on  the Penn^iylvanla.    ,.„, ... 

The  Wabash  Extanalon  mco  Pittsburg.*    '  ts>  Mar.  II. 

•  Illuat  rated. 
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-(CaotlniKd). 

uila  Low-Qrade  Lias  Down  the  SuaqnalunDB.    (igi    Har,  1 


The  Water  Slsllona  of 
Pillar  Drains  tor  H<'" 
The  Laiwn  Dump 
~     '■■*         .lodii 


,  B.  £  W.  at  wUmlnKton.*    (igi  Mar.  11. 
of  tbe  Chicago  A  Alton*    (is)Uar,l1. 

IdinK Banks.*    lifl'  Har.  II. 
:ir*    (IS)  Mar.  11. 


The  Chicago,  lodjanapolia  &%,  Louis  Short  Line*    F.  W.  Smllli. 


Louiaillle.*    ,.„     . 

iBl  Point.*    ds'    Maf.  II. 

Terminal  Improremeau  at  Qulfport.  H 


DlrtBDilBallas. 
The  UayM  Utlli 


IK  on  Single  Track.    (|81  Mar.  IB. 

fit  ap reading  Care,  T..  P.  &  W.  Ky.*    (|8>  Mar.  11. 

—  _, .llntt  Derail.*    (i8)Mar.lB. 

Some  Track  Work  in  GbanslngOaKe.*    (i8i  Uar,  19. 

New  Eaelne  Hoiwe  UoDsCniciroD  on  the  Intercolonial  By.*    <|8)  Mar.  K. 

Terminal  Necessities.    <  iS  i  Mar.  IS. 

Modem  WrecblnR  Appllapcefi.*    (i8)  Mar,  IS. 

The  Ravlln  System  or  Electric  WlrlnK  of  Round  Houses  and  Shops.*    jiS)  Har.  IS, 

Hiiiotaiani.-e  of  Way  Sundarde  of  the  Hokkaido  Coid  Mine  Ry^>    ( i8)  Mar.  12. 


SlRnale  In  Cold  Weather.*    H.  S.^alllet.    (Paper  preMnMd 

IvraySiKual  AaHOCi    (|8)  Mar.  12. 

■    (AbMractotCom,  Repl.  ofAmer.  Ry. 

AU^uS^Typ^PM^ngCTl^onicfllv^tiirtheWabaBh  Railway,*    (131  Mar,  17, 

The  Location  ot  the  Firet  Divlalon  of  the  Hankow  Canl on  Ry.    Jesse  W,  Miller.    (13) 

A  Staff  Bl!S._  ^, .„.  ,.,„., 

The  Union  Terminal  ArracKenii 

Ventilation  of  Baltimore  Tuunei.  r,.  o.  s  n,  nj,-    14111  umi.  ■■>. 

Reducttoo  of  Gradient  and  Elimination  of  Distance,  Curvature,  and  Rise  and  Fall  on 
Ilhlon  Pad  nc  Ball  road.  J.  B.  Berry.  (Paper  presented  before  the  Amer,  Ry,  Eng, 
sndM.  of  W.  Assoc.)    (4o)  Mar,  IN:  Abrtract  dS)  Mar,  28;  {13)  Apr.  7. 

LehlRh  Valley  Shops  ntSayre,  Pa,'    iisl  Mar.  is. 

Newl^isseniirer  and  Freight  Terminals  a1AtlBni«,Gtt,    Us)  Mar,  18. 

MeoFrelKlitYardof  the  Lake  Shore  at  Elkhart.  Ind.*    iig)  Mar.  IH. 

Speed  Tesis  of    the  De-Qlehn  Compound  on  the  Oreac^eelem  of   EoRland.    (ibI 

andlls  PiTihable  Pnst  for  Enftland  and  Wales. 

;)'Mar"."B5;'AStract"t36.Apr , 

■  —  -       ■     -n  PaclHc." 

e      140) M 
ii'  "bwinnhig  MaV  ~i»\~iili 

lea.'    (rai  Mar,  18. 

, „._ _e  areat  Weetem  Rh 

narteo      (13)  Mar.  18. 
Ballam,    (Commfltee  Kept,  to  the  Amer,  Ry  Eng,  and  M.  of  W 

Uo>  Har.  18. 
R»a    (Committee  Kept,  to  the  Amer,  Ry,  Enir.  and  M.  of  W.  As 
Track.    (Committee  Rept.  to  the  Amer.  Ry.  Sag.  and  H.  of  W.  I 
BuiidiiiKs.     (Committee  Rept.  to  ibe  Amer.  By,  Eng,  and  H 


Roadway.    (Committee  Rept.  to  the  Amer.  Ry.  Eng.  and  M.  of   W.  Assoc.)    (40) 

Iron  and  Steel  Stmetureis.    iCommlltee  Rept.  to  the  Amer.  Ry.  Eng.  and  U.  ot,  W. 

^  Assoc.)    (401  Mar.  18. 

TheCana<li>nPaclfloHallw»v  Shops  at  Montreal.*    114)  Hwial  bettlnnlng  Mar.  19. 

Improved  and  CombinaUonCfdlapsiblB  Pile  Drlrers  for  Railroad  Work.*    114)  Har.  19. 

DeOlBhnCnmpoundrortbeUreat  Western  Railway,  England,*    (4(11  Mar.  19. 

Yards  and  Terminals.  (From  a  Committee  Report  presented  before  tbe  Amer.  Ry,  Eng. 

aodM.  of  W.  &B8OC.1    111)  Uar,  IB;  (40)  Mar.  18;  (131  Blar.  24:  (is)  Mar.  18. 
Ties.    (Committee  Report  to  the  Amer.  Ry.  Eng.  and  H,  ol  W.  Assoc.j    (iB)  Mar,  19; 

(U)  Mar.  1?:  Uo)  lUr.  18. 
Report OD  Proposed  Pui-Amerli-an  Ry.    |i8)  Mar.  19. 
Track  Inspection  Car  on  the  Northern  Rall*ay  of  France.*    <ij)  Mar.  24. 
The  Proposed  New  Railway  Linea  for  ihe  Development  of  the  Fort  ot  Oenoa,  Italy.* 

Charlee  R.  Khig.     (ij)  Har.  24. 
Vmtllallon  of  Baldwin  Locomotive  Works  Engine  House.*    (40)  Mar.  SB. 

•  Illustrated. 
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I,  B  Balliet 

1151  tienai  oeginnLnK  sai.  at. 
Water  Supply  for  RaliroiHlB.    (Abett«ct  of  Report  to  the  Amer.  Ry.  Eng.  and  M.  of  W. 

Afwoc.i    (15)  Mar.M. 
New  AutomMLi!  Block  SiKDBlB  on  the  Bouthem  Pftclflc*    ugl  Mar.  86. 
UBlD^enance  of  Way  Tmpravemenu  od  the  New  York.  Oatarlo  £  We««rD  Ry.*    ( 18) 

Refrigerator  Cars  for  hibst  Brewing  Co,'    ,.,, 

The  Dick  Syslem  of  LiglitiasTiBiDB  by  Electricity.*    I>9)  Uar.  M. 

Recent  InvemlgaUoiiH  with  Trpateii  Ties.     HeriuBDn  von  Schrenck.    IFrom  Kept,  of 

Com.  oaTleaot  Amer.  Tty.  EnK-AudH.  of  W.  Aseoo    11*1  Mar.  S6. 
FourOyLioder  Balanced  Compounil  LocomotlveB:  Atchison,  Topeka  *  Santa  Fe  Ry.* 

A  Proteetod  Sectional  Third-Rail  System  of  Electric  Traction.*    (13I  Mar.  81. 
The  .\ppTnlsemeDt  of  the  Miyslcal  Value  of  Wiscoasfn  KallKayB  for  the  Purpose  ot 
■^—•—      "■  D.  Taylor,  Jl.  Am.  Soo.  C.E.  (Abatractof  l-aperln  Wiieoiu/n  Snffr.) 

„ ..  „  Railway.* 

PMnenKer  LocomotlTe  for  the  Vandalla:  4-4-3  (AtlaD(ic)  Type.'    (IS)  Apr. 

AVlsittolieWorkBotJ.G,  Brill  Company.*    US)  Apr. 

AnObjeot  I«H8on  in  FfreboiBiJe  Sheets.*    (>s)  Apr. 

The  Corrinfcton  Air  Brake.-    (igl  Apr. 

Tie LawBon  Improved  Dumpliig;  Car*    Its)  Apr. 

Hew  Shops  of  the  Terminal  Railroad  Aiwoclatlon  of  St.  Louis,  at  East  St.  Louis,  HI.* 
(39)  Apr. 

Freight  Locomotive:  Soulhem  Railway.'    Uo)  Apr, 

Hew  Cars  for  the  Milwaukee  Kef rlirerating  Transll  Company."    (39)  Apr. 

Fuaenger  Loomotlre,  Union  Pacific  Railway.*    <3p)  Apr. 

MVTon  "Cantilever"  Coal  Wagons;  Great  Central  BiUlway,*    (Jil  Apr. 

Pour-Cylinder  Compound  Endue:  Sourlieru  Railway  of  Italy.*    iai|  Apr. 

The  Hperry-Lypdon  electric  Lighting  System  for  Trains,    (ai)  Apr. 

Economical  iiocomotivea.*    Charles  R.  Sine,    (Jii  Apr. 

Tui-WiKeled  Radial  Tank  Engine:  Lancashire  and  Yorkshire  Railiray.*    ;ii)  Apr. 

Express  Engines  "Albion"  and  "La  Frani^e":  (treat  Western  Railway.*    (91)  Apr. 

London  and  North-Weatem  Carriage  Works,  Wolverton.*    (Ill  Apr,  f. 

Safety  AppitancCH,  Oeorge  Orooby,  (Abstract  of  Paoer  read  before  the  New-England 
R.R.Club.)     (isl  Apr.1. 

Underground  Brooklyn  Terminal  of  the  Long  Island  Railroad.*    (ijl  Apr,  1. 

RevisloDor  Gradaiiand  Double-T  racking  on  the  Richmond.  FredericksburE  and  Poto- 
mac,*   (igi  Apr.  1. 

ntty-Ton  Steel  Undertrame  Flat  Car.*    (15)  Apr.  1. 

The  Corrington  Alternate  Quick-Acting  Brake  System.*    iiS)  Apr.8;  (40)  Apr.  I;  (15) 


,       . ;)  Apr.  8. 
Ibabn.*    (17)  Apr.S, 

o  Rl*er Tunnel.*    (I9>  Apr.  B, 

in  Electrified  English  Steam  Railroad.*    117!  Apr.  2. 

Electromagnelic  Track  Brake.*    (17)  Apr.  8. 

Railway  LocaUou  In  the  Florida  Everglades.*  WIIUamJ.Krome.    (14)  SerialbeckuilnB 

Apr.  a. 
New  TJe-ProservIng  Proceases.    Hem 

Ties  of  Am.  Ry.,  Kng.  and  M.  ol  W. .,,  ..,,- 

The  Wilmington  Shops  of  the  PennsylvaDla.*    (40)  Apr.  1 

Consolidation  (E-H-OI  Locomotive  for  the  Delaware  &  Hudson.*    ( 15)  Apr.  B. 

Compound  Locomotives  In  France.    ( is]  Ape.  8, 

(laddie  Tank  Cuhn-Buming  Locomotive.*    (18)  Apr.  9. 

All  Steei  Railway  Substructure.*    (i7)Apr.e. 

Appareil  Servant   i  Montrer  lea  Perturbations  des  Locomotives  en  Marche."    {36) 

EipArienoes  sur  le  BeudementdeaLooomotlTes:  Locomotive  ft  Distribution  Bonnetond. 

Joseph  NadaL    (38)  Mar. 
Lea  Antomotrfoes  du  Tatt  Tale  Railway  etdu  Oreat  Western  B^way.*    R.  Bonnbi. 

(3«|  Mar,  10. 
AiiBtlon  duTuDDelde  rAlbespoyre  (LosSre);  Ventllataurs  E.  Farcot.*    (33)  Mar.  IS. 
Le  Chanln  de  Far  eiectrlque  du  T«suve.'    Jules  Coucbepln.    (33)  Mar,  IB. 
LeCherolndeFerTransbelienique,*    (331  Mar,  86. 
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Rallrawl,  Slreal. 

The  AltenutlDS-Curretit  ttsllmv  Hntor,*    Cbarlm  P.  SMIudmU.    (411  Feb. 

Sinale-Pbaae RallwaTB.*    W.  A.  BLaDtk.    <^it  Feb. 

TheQimphlcal  CklculatiOD  of  FUuise  SlraueBlii  Ulrdera  aod  Trueaen.*    OBC«r  Suine. 

(4)  Feb. 
Con  Tenlbl«  Care  Oper*ted  <Q  Tornnlo.*    (171  Uar. 
Bath  Electric  TramwayB*    <i6\  Mar,*. 
The  Meney  Railway:   itultlptci  HonlTol.    H.L.KlrLer.    {AbMract  ol  Paper  read  before 

tbe  Inat.  at  ISIec.  EDgrs. )    (M)  Mar.  11. 
BlniEle-Pluue  UsOroadii.*   <|8)  Uar.  12, 
PraicTMBoiitbe  Gaat  BostoD  fiubva; .•    <i8)  Har.  IS. 
The  B<utoa  Transit  ProblBin.*    (40)  Mar.  18. 
RenHwtnictianof  theZanescllle,  O..  Rsllway,  Light  £  Power  Compan/'a  Property.* 

(171  Mar.  IB:  117)  Har.  19. 
KepsirShap  Practice  ot  the  Pociflc  Electric  Hallway  Compaay.'    {17)  BUr.  19. 
Smt  PowerTlant  at  Cranfonl.'    1171  IKar.  19 
Stieet  CarLiibricalion.    Ueorxe  L.  Fowlar.    (17)  Uar.  Ifl. 
Fined  Steel-Tlreil  Wheels. •    117 1  Mar,  19, 

TheCranr.inlPiant  of  the  PuUlcBerrlceCorporatlun  of  New  Jersey.*    <I4)  Mar.  IS. 
The  HudBoD  River  Tuaoel.*    (46I  Uar.  E«. 

Bteel-Tlred  WheeU  on  the  Boston  Elevated  Railway  System.*    (17)  Har.  M. 
^  WestlngbouseBlnKle-PbaiKRaUwai-Systi'm.*    (17)  Mar.  K, 
Electrolyds  aa  Causodby  the  Railway  Retuni  Current,*    Albert  B.   Derrick,    (17) 


(.7)  Apr  a, 

JMielee  Railway  Company's  Sy.item.*  (17I  I 
&  PriDcalon  Traction  System,*  (17)  Apr.  9. 
HulUphaae  Oeoerators  Id  Alternaimg  Curi 


Sous  OD  Los  Abgelee  Railway  Company's  Ry. 

Tbe Evansvllle  &  Prlocelon  "Traction  System,'     ,.,^  _^..  .. 

BIncle  Tsnus  HulUphaae  Oeoeratora  Id  Alteniallng  Current  Railway  Work,    W.  A. 

Blanck.    Iljl  Apr.  9, 
NUesurrEmpioldela  Double  Traction,    H,  Herdner.    138^  Mar. 
Traction  filectrlque  par  Cuurant  Altematlf  aimple;  Sy);tenie  Flozl.*    {33)  Mar.  S, 
Lsconiollre  filecirlque  et  Prise  de  Courant  puurLlcne  A^enoe.  dee  Alellen  d'OerllkaD 

(33)  Mar,  11;, 
Smltarr. 

al  Rtatlon.* 

,^,^ in  Blacksmith  _..  ,,      .   _ 

PlnmbinglntheHoielWelllnglon,  Now  York,*    (70!  

The  Battery  System  of  Warm-Air  HeatiOK.*    C,  E.  Oldacre,    (Paper  read  before  the 

A  8.  H,  and  V.  E.I    (70)  Mar. 
A  New  Jointing  Hatertal,  Sulphur  and  Sand,  for  Sewer  Pipes.    Alexander   Potter. 


aerial  beslnnlDe  Har.  1.. 
Tde  CleantDiaDiF1u«hln<of  S9w>r<i. 

A  U^re  Concrete  anti  Bnc^  rtt^m.  R..r, 
Ventilallnic  B'ld  Heatin«r  tt 
IMwase  Pumping  Plant  for 

Refuse  bnitruct ion  in  Burnley,  Eneland.*    16a)  Apr. 

Reclamation  of  the  Marabea  of  New  Jersey  and  Staten  Island.*    Henry  Clay  Weeks. 

t'ombbied  Steam  and  Rot  Water  Radiation.*    Ii4)  Apr.  9, 

Structural. 

rermlDclsTe:  A  Fireproof  Building  Halerial.*    H.  F.  Cobb.    iPaper  read  before  the 

ClTllt:ntcloeers'Clubof  Cleveland.)    <i)  Jan. 
The  Preservation  of  Wood  from  Fire  and  Decay.    Joseph  L.  FerrelL    14)  Feb, 
TbefllwirartFerra-Concrete  Floor  Baame.*    |6i)  Mar,  4, 

TliB  Co%»99  of  the  Da^lhlff^^n  Apirtm?nt  Hous9  in  New  York  City."    I13I  Mar.  10. 
Fireproof  BulldlnKB  in  the  Rochester  Fire.*    Iij)  Har.  10, 
Teats  of  tlin  Adbeelon  and  Initial  Stress  of   Sieei   Id   Concrete.    Sam    W,    EoiersoD. 

(13)  Har,  10. 
ProienlODof  Steel  tromRuetby  CoBcrele,    Charles  L.  Norton,    lErtracl  from  Report 

of  ihelnaurance  EuK,  Eiperlmeot  station,)    (61)  Har,  10, 
Commercial  Teats  ot  Material,    E.  O,  Iiod,    (Paper  read  before  Ihe  Eng,  80c.,  Univ. 

Collette.  Lond.)    (ii)  Mar,  11;  ifta)  Apr  7. 
Sttrngth  of  Files.    C,  S.  Blbler.    (Paper  read  before  the  PaolBc  Northwest  Soc.  of 
_   Eogra.!    (.8)  «ar.  11, 

The  Darlington  Hotel  Collapse.  Id  New  York  City.*    (14)  Mar.  12. 
The  Lessons  of  the  Rochester  Fire.*    (ao)  Mar.  IT. 
The  Design  of  a,einforced  Concrete  Beams.*    (Abstract  of  Report  by  Com.  on  Masonry, 

Amer.  Ry.  Bag.  and  H,  ot  W.  Assoc.)    (131  Har  IT. 
Hollow  Block  Concrete  Wall  Construction.*    H.  W.  Cowan.    (40)  Uar.  18. 
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Importance  of  AdoptloK  Staudaril  Sizes  of  Test-Bar*  (or  Drtennlnin?  the  Streogth 

of  Cut  Iron.*    AleiBDiler  E.  Outerbrldee.  Jiin.     (From  Procfedinga  oC  Amer,  Hoc. 

forTeelliiK  Materials.)     nil  Har.  IS. 
Belntorced  Concrete  In  the  Balltmore  Fire.'    (141  Mar.  1». 
FoUDdatlons  of  tJie  Rogers  Building.  Nev  York.'    1 1-*  >  Mar.  19, 
Views  ot  E.  V.  Si  ankiand  of  Cblcogo  CoacernlnR  Steel  Structures  In  the  Baltimore 

Fire,*    rao)  Mar.  21. 
Report  to  tbe  Chief  of  Englnetrs,  U.  8.  A.,  OD  tbe  Baltimore  Fire,    John  Steplieii 

Sewetl.     !i3l  Mar.  «t. 
The  Planning  uf  Factory  BulIdlDfcs  aad  tbe  tnHuence  ot  Deelgn  on  Their  Productive 

Capacity.     Hugo  iJlemer     lij)  Har,  M. 
Concrete  Filing.*    1461  Mar.  «». 
The  l''allacy  cf  the  Teats  Ordlnarliy  Applied  to  Portland  Cement.     Richard  K.  Meade. 

ll^perread  before  tbe  Amer.  Chem.  Soc. )    114)  Apr.  s. 
Neic  Appiianees  for  Re-Rooflng  Shops  nlthout  SlopplogWork.*    (19)  Apr.  3. 
AUniqueCaseof  BborinK  Work  on  a  New  Yorli  Telephone  Build  log.*     (i]|  Apr,  7. 
Cross-Bending  Teats  on  Steel-Concrete  Beams.*    (15)  Apr,  B, 

Safeguarding  the  FouDdations  of  Trinity  Church  Spire.  Kew  Yurli  City,*    (14)  Apr.  9. 
A  Concrete  Mixing  Haut  fura  Poner  HuuReFoundatlon.*    1141  Apr.  (l. 
ThA  Canadian  Pacific  Grain  Elevator  at  Port  Arthur,  Ontario.*    II4I  Apr.  9. 
LeMarbre  Artiacl"',*    A.  HemH.     {361  Ft-b,  2G, 
Petite  Malson  de  Rapport.  Villa  Leshayes  <Rue  DIdot).  A  Paris.*    E.  Rivonleu.     t.3S> 

Petit  hd'tel.EEM.  Rue  Saint-Jacques.  tPaHs,*    I3s>  Har. 

Installatiotw  R^tentes  de  Qruides  Uagaslns  a  Bl^.*    A.  Bidault  dea  CbauDies,     (33> 

r  Topographical  Surveys.*    Geo,  Jacob  Davis,  Jr. 


ic  Machinery. ,^_, 

_. . .  ...     „__r__^,    j^  ,j    Hastings, 

Thairing  Frozen  Servic  Boxea,  Plpe«,  etc.:  Topical  Diseusslon.    (j8I  Mar. 
Notes  on  the  ConstrucUoo  of  a  Storage  Reservoir.    W,  H.  BichardB.     (38)  Mar. 
RequlsiteAmountotWaterforaPubllcSupply.*    J.  Herbert  Sbedd,     (iS)  Mar. 


KRequlsite  Amount  ot  Water  for  a  Public  Supply."    J 
dro  Electric  lugtallation  at  Newry.*     (ii>  lOar.  4 
ter-DlstllUng  Plant  for  Egypt,*    (iil  Mar,  4. 
The  Contraction  of  Jets.*    Jolin  Goodman,  M.  Inst,  C.  E     nil  Har.  II. 
Water-Power  Development  at  Yorlt  Haven,  Pa.*    1141  Mar.  IS. 
Water  Purifying  I'lams  In  Germany.*    1.1S1  Mar,  13, 
AnlrrlgatedSugar  Plantation  In  the  Sandwich  Islands,  C,  H,K1uegel.M,  Am,  Soc,C. 

(13)  Har.  IT, 
Repairs  of  tbe  Water-Worlis  Pumping  Station  at  EvansvlUe,  Ind,     (13)  Uar,  IT, 
Experience  in  Thawing  Water  Pipes  by  Electricity,     1 13 1  Itfar.  IT, 
Einland  Street  Pumping  SUtion  ot  the  Clevelaud  Waler-Works.'  Charles  Uofflng,  ( 

Tbt  Measurement.  Consumption  and  Waste  of  Water  in  the  Boston  Metropolitan  I 

crlct,     (141  Har,  19, 
A  FUtfation  Plant  for  Harrisb"™  P-     <•"  «»■■   m 
Eigo-Preawire  Water  Service 

str^t  ot  Kept,  to  Jobn  T,  ^^,,^..  ....m... 

Iriclty.l     114)  Mar.lB;  Report, iji  Mar,L., 
A  Cast  iron  Meter  Box  •     Edward  H,  Cowan.     (13)  Mar,  34, 
Report  on  Propused  High  Pressure  Fire  Mervice  for  Borough  ot  Brooklyn,  New  Tork 

City,*     I,  A.  de  Varona.  H,  Am.  Soc.  C.  E,     iijj  Mar,  31, 
■~         -   -    -        ■       --     --ne,.    ,,a)Mar,  US, 

(Abstract  ot  Report  to  the  Amer,  Ry,  Eng.  and  M,  of  W, 

Ste*K!oncrete^tandpipe*at  Miltord.  Ohio,* 
A  Concrete-Steel  ~  ,     .      _     .  „ 

Mechanical  Devk 


te-l-ConoTL ^., ,.,,  

A  Concrete-Steel  Reservoir  for  East  Orange.  New  Jersey,' 


lOt  Electric  Water-Power  Stations*     Alton  D,  Adams,     lio)    Apr, 
ontieoing  and  Purtfjlng  Water  for  Boilers.    J.C.W.Orelh,    (lo)  Apr. 
Village  Water  Works  of  Genevn.  Ohio.*    1 14)  Apr,  3, 
Water  Power  Transmission  Plant  at  Elliott's  Falls.  Ontario.*    Charles  L,  Filch, 

Bebmlding  the  Portman  Dam  near  Anderson.  S.  C*     Jobn  L.  Sbeppard.  Jr, 

{iiig  Capacity  of  Culverts.*    Washington  Parker  Ireland,     Ii4>  Apr,  3. 

e  Dams  and  Wood  Stave  Conduit  of  the  Southern  California  Hountalu  W 
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Water  Supply— (CoBtlnaHl). 

The  Barosu  Arched  Concrete  Dun  tn  South  AnatTHlla.'    (13)  Apr.  T. 

L.eTl  Hecbanieal  FUMn  at  CbarleMoD-Kaaawbn.  W.  Va.*    (ij)  Apr.  T. 

The  DenrentTaUerWater.WorkBByBteni,  Derbyshire. •    (141  Apr.  9. 

Recent  OoDcrate-flleel  Wate^Worka  ConBtructlon  at  Itbaca.  K,  Y.*    114)  Apr.  S. 

AllmratMWB  d«  F>rt«  en  Eau  Potable,    J.  BerReron,    (31)  Jan. 

JfaBttriUaUfoudeaEauzparrOioDe.     [36)  Feb.  SS. 

Etfirstlcn  Dlrecte  des  Llquldea  par  TAIr  Comprime,*    E.  Lemalre.    (33)  Star,  19. 

WMerway*. 

oundatlADA.*    GATirffe  B.  FranclH.    1 1  >  Feb- 

rough.    WotlerJ.  Franda,  M.  C 

dtheMold*u.»    (i(»)  Mar.  BB, 
IndrlcalHoiableDamBatScliHelnrurt.  OermaBy.*    04)  Uar.flS. 
>*  TubeB.  wltb  EipBrlmeBtal  Detemilnatlons  of  Oie  Form  aod  Velocity  of  Jets.  Jai 


E.  Boyd  and  Horace  Judd.    (Paper  read  before  the  Amer.  A 

ment of Setence.)    lijj  Mar.ai, 
The  Barw  Canal  Beroaa  New  York  Slate.*    <■■>  Apr.  H. 
Barrwea  Uobllw  CTllDdrlques  fcOraode  Fortee-BarraKea  de  Schwelnfurt  lAllemaBDe) 

Rm«KDechlln,    (33>Feb.n'. 
L«  Port  de  Cetle.*    Francis  Marre.    136)    Serial  beKlnnlni  Mar,  10. 
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Qfiffth  of 
*  H;  Oarttr, 
•fSrooklint, 


OFFICERS   FOR   1904. 

Praident,  CHARLES  HERMAinr. 


Seertlarv,  CBABLEB  WAREEN  HUNT. 
Treaturer.  JOSEPH  U.  KHAP. 


flsriH  expire!  Jai 

RICHARD  B.  BUCK, 

»EORGB  H.  PEQRAM, 
WILLIAM  J.  WILGUS, 
WILLIAM  JACKBON, 
EDMUND  F.  VAN  HOE8EN, 
JAHEB  L.  FKAZIER. 


Ten- 


IMS: 


ALFRED  CRAVEN, 
JOSEPH  O.  OSGOOD. 
GEORGE  S.  DAVISON. 
E.  C.  LEWIS. 
HUNTER  MCDONALD. 
EL  WOOD  MEAD. 


Tern  txpirti  Januart, 
IW): 
CHARLES  8.  OOWBN, 
NEMON  P.  LEWIS, 
JOHN  W.  ELLIS, 
aEOROE  S.  WEBSTER. 
RALPH  HODJE3K]. 
CHARLES  D.  XABX. 


^uMant  Stcretary,  T.  3.  HoHlNN. 


nJYiw 


S.  L.  F.  DEYO, 
L.  F.  a.  B0U8CAREN, 
RICHARDS.  BUCK, 
WILLIAU  J.  WILWUS. 
OHARLESS.  GOWEN. 


Standing   Committees. 

E  SodETT  IB  tX-OffleiO 

On  Fublicaliotu: 
GEORGE  H.  PBOBAM. 
ALFRED  CRAVEN. 
JOSEPH  O.  OSGOOD, 
GEORGE  S.  DAVISON, 
HUNTER  MqDONALD, 


On  Libmry: 
NELSON  P.  LEWia 
WILLIAM  JACKSON. 
E,  C.  LEWIS, 
RALPH  MODJESKI, 
CHARLES  WARREN  HUNT. 


Special    Gozninittee». 

On  UnroRM  Tuna  or  Cbheht  :— G«ortce  8.  Webater,  Richard  L.  Humphrej, 
George  F.  Swalu,  Airred  Nobis,  LouU  C.  Sabln,  B.  B.  Newbenr.  Clifford  RldurdaoD, 
W.  B.  W.  Hove,  F,  H.  Lewla. 

On  Bail  Sictioiib  :— L.  F.  O.  Bouscaren,  C.  W,  Bucbbolc  8.  M.  Felton,  Robert  W. 
Hum.  John  D.  laaaca,  Richan]  MoDtrort,  H.  G.  Prout.  Joseph  T.  Rlchanla.  PerclTsI 
RobertB,Jr..Oeori(eE.Thackray.  Edmund  E.TurDer,WllllamR.  Webater. 


The  Hoiiaa  ol  tbe  Society  is  op 
uurtb  of  July,  TbaoksKlTlnK  Day 

Housa  or  imi  Socanr— 320  Wist  Fim. 


Tory  day,  except  SondaTi 
Stkkr,  Nsw  Ion. 
Ceaa.NeirTork." 
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ilCAN  SOCIETT  OF  CIVIL  ENGnTEEBS. 

INSTITUTED    1S5«. 


PROCEEDINGS. 


socierv  affairs. 

CONTENTS: 


iMrT  H>;  4th  and  18«li.l9W Bli 

■d  oJ  Direction.  H«r  Bd,  lOM «1B 

D^  vhloh  tlie Socdfltj Hovae  U  opVD......... ilfl 

iTentlon SI* 

CepobIUoii,  St  Loulk.  11«M SIS 

of  AmugeiiiMitB  for  the  EBtenkiuiuent  of  Hembm  of  tbe  Iiisiitu- 

Tll  Enctateen.  Sepiembar,  im IIT 

<  Locft]  SocleClca  Ezteodeil  to  Hemben. SIT 

L  the  Llbr»r7 £18 


tloD>  and  CtwiKea  of  AddrcM). . 
K  Article!  of  iDteren. 


MINUTES  OF  MEBTINQS. 


OF  THE  SOCIETY. 


,  1904. — The  meeting  vae  called  to  order  at  8.45  P.  M. ; 
Nortli,  M.  Am.  800.  C.  E.,  in  the  ohait;ChaB.  WArren 
itary;  uid  preeeot,  also,  146  members  and  26  gneats. 
itea  of  tlie  meetings  of  April  6th  and  20th,  1904,  were  ap- 
rinted  in  the  Proceeding*  for  April,  1904. 
entitled  "The  Lake  Cbeesman  Dam  and  Keserroir,"  b; 
Sarrison,  H.  Am.  Soo.  C.  E.,  and  Silas  H.  Woodatd,  Assoc. 
.  C.  E.,  was  presented  by  Mr.  Harrison,  and  illnstrated  with 
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Hi  UINCTBS  07  UEBTINGS.  IS<Mi«l 

The  paper  vu  discnesed  by  UeBBra.  Q.  S.  Williams,  E.  Shenns 
Oonld,  E.  W.  HiurriBon,  Emil  Eniohling,  Edward  Wegroann,  J.  Wald 
Smith  and  Charles  L.  Harrieon. 

The  Secretary  announced  the  receipt  of  written  diaoiuaiotis  froi 
Messrs.  J.  P.  Frizell,  Bnrr  Baasell,  F.  B.  Ualtbj,  Frank  C.  Horn  ae 
Charles  S.  Oowen,  but  owing  to  lack  of  time  these  were  not  read. 

Ballots  for  membership  were  canvassed,  and  the  following  cand 
dates  elected. 


EBN,  Washington,  D.  C. 
WAi/roH  Lbtuiq  Aimb,  New  York  Citj. 
OkabiiEs  Hopkins  Cabtliiiob,  Chicago,  111. 
BoDBRiOK  Qbrbnb  CoUiiKS,  Jb.,  New  York  City. 
Abisub  Wabbxn  Deak,  Concord,  N.  H. 
Qvx  CabiiBton  Ekebson,  Boston,  Uass. 
Hax>bbri  Fowbbs  GnjiBTTB,  New  York  City. 
HoiisB  Haxlth,  Los  Angeles,  Cal. 
JoBBpK  Gaines  EoiiOoubb,  Uanila,  Philippine  lalanda. 
CiuBiAa  Mattathias  Jaoobb,  New  York  City, 
W11J.IAK  HsnsT  JoNBS,  LeaTenworth,  Kans. 
Edwabd  Mabion  Kbnlt,  Austen,  W.  Ya. 
Waiokb  Samteu^b  Loteli.,  Dee  MoineB.  Iowa. 
HsNBi  TmcBNT  Maoksby,  Boston,  Mass. 
Bobkbi  Bbasfobd  MABSHAUi,  Sacramento,  Cal. 
Obobob  Nadman,  Earrisbnrg,  Fa. 
Edw™  BnTDS  QuiNBT,  New  York  City. 
Hehbt  Libtob  Bbbbb,  St.  Louis,  Mo. 
Etbreit  Edwabd  Stohb,  Springfield,  Mass. 
Jobbfh  THomaoM  Stuabt,  Chester,  Fa. 
John  Edwabs  Swabkeb,  Middlesbrough,  Eoglaod. 
BBMJAmN  Hbhbs  TatiiOb,  Edgewood  Park,  Fa. 
Joseph  FsAtiELiii  Witmbb,  Buffalo,  N.  Y. 

Ab  A88O0IATB  Mehbkbs. 
HnQH  CossABT  Baxbb,  Jb.,  New  York  City. 
John  Uansfibij)  BeiiKnap,  San  Juan,  Forto  Bico, 
Chablbs  FEEDntAND  Bbbnn,  Boslyn,  Wash. 
Wti.t.t.m  Labamt  Botcrbb,  Boston,  Mass. 
B08COE  Nathanibii  GiiABK,  Hartford,  Conn. 
John  Baptictx  Clbbhont,  New  York  City. 
Jakes  Ltbobb  Davis,  New  York  City. 
AiaxBT  Ekbbson  Gbbbeib,  Ann  Arbor,  Mich. 
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JoBn  Ci^TTom  Hon,  Washington,  D.  O. 
BoasBT  Hide  Jacobs,  New  York  Otty. 
WiiiLUH  Basd  JOHNSTOira,  New  York  Oit;, 
OsoAB  Fbakoib  Laokxy,  Santiago,  Onba, 
CoABLMB  Obioh  Laslxz,  Toledo,  Ohio. 
BoBiBi  Lr&tham  Lvhs,  Nashville,  Tenn. 
John  Hznbt  Madszk,  New  Tork  Citj. 
Hasbz  H&tbs  Bobikson,  Portland,  Ue. 
Jambb  Fobbmst  Sahbobm,  Brooklyn,  N.  Y. 
OsoAB  JAim  Wist,  Chicago,  HI. 
WiLKiB  WooDABD,  Shrevepott,  La. 
Andbkw  Atjhto  Woods,  Jb.,  YiokabTirg,  Miss. 

Ab  Abbooiatb. 
BiosABD  BoBVXu.  LnuK,  Ithaoa,  N.  T. 

The  Secretary  made  the  following  annonnoeinentB: 
The  tnnsfer  of  the  following  candidates,  by  the  Board  of  Direo- 
*ion,  on  May  Sd,  19M: 

Fboh  Associate  Mbmbbb  to  Mexbbb. 

BiOHABD  XjTWIB  HtJKFHBBX,  Fbiladelpbia,  Fa. 
JoBK  Gbamcb  Moses,  Cambridge,  Mass. 
Fbank  Hebbebt  Skow,  Boston,  Mass. 
Clbhknt  Isaac  Wai4Kkb,  New  York  City. 
Fbsdebiok  Cokoteb  Wabman,  WashiDg^on,  S.  C. 
Wautxb  ZiOBino  Wbbb,  Philadelphia,  Fa. 


Fboh  Assooiatr  to  Asbooiatb  Mshbeb. 
ChabIiBB  Hknbt  tTHBTKAD,  Lawrence,  Mass. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion, on  May  8d,  1904: 

As  JuinoBS, 
Laubencb  Asaks  Bauj,  New  York  Cit;. 
Ralph  WkliiKB  QbbbhiiAW,  New  York  City, 
AiiBZBT  Pbzstoii  Qbeen8feij>bb,  St.  Louis,  Mo. 
Edwabd  Jobxpb  Oookbti,  New  York  City. 
Gaoi  Habbltom,  Boston,  Moss. 
Bobebt  Hau.  Mebbili.,  Qrand  Bapids,  Mich. 
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814  HIKUTBS  OF  HBBTIK08.  [Boeiet. 

The  following  deathe: 

Danfobth  Hcblbut  Adtswobth,  elected  Member,  Maroh  3d,  1886 
died  April  24th,  1904. 

ChabxiSB  Stobbb  Stobkov,  elected  HonoFarj  Hembei,  January  24tli 
1893;  died  April  80th,  1904. 

Jambs  W.  Aiksub,  elected  Fellov,  Haj  28th,  1872;  died  Septembe 
18th,  1902. 

Adjonnied. 

May  iSth,  ■904<— The  meeting  was  called  to  order  at  8.46  p.  m. 
Faat-President  Alfred  Noble  in  the  chair;  Chaa.  Warren  Hunt,  Seore 
tary;  and  present,  also,  156  members  and  44  guests. 

A  paper,  entitled  "The  Gattm  Dam,"  by  0,  D.  Ward,  M.  Am 
Soc  0.  E.,  was  preeented  bj  the  aatbor  and  discnseed  hj  Charlea  L 
Harrison,  H.  Am.  Soc.  G.  E.,  and  the  author. 

A  second  paper,  entitled,  "  The  Collapse  of  a  Building  I>nting  Con 
strnotion,"  bj  H.  de  B.  Parsons,  M.  Am.  Soc.  C.  £.,  was  preoentec 
by  the  author. 

The  Secretary  presented  written  oonunTiDioations  on  the  paper  fron 
HeBsrs.  Gay  B.  Wait,  Nathaniel  Roberts  and  C.  J.  Tilden. 

The  anbject  was  discussed  farther  by  llessrs.  F.  T.  Llewellyn,  J.  F 
Whiskemao,  C.  C.  Sohneider,  O.  Lowinson,  H.  F.  Uaodonald  and 
J.  H.  O'Brien. 

Adioarncd. 
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HTirUTBS   OF   HBBIINOS.  216 

OP  THE  BOARD  OF  DiRECTiON. 

(Abstnot.) 
■904. — 8.30  p.  H. — Tioe-PresidentI}e7omtheob(Ht;C)iBB, 
nt,  Seoretat/,  and  preeent,  also,  MesBn.  Bnok,  CnveB, 
,  Qowen,  Enap,  Noble,  Osgood,  Webster  and  WUgua. 
n  the  matter  of  the  appointment  of  a  Special  Committee 
te  and  Steel-Gonorete  "  vere  oanTsssed,  with  the  following 

or  of  the  appointment  of  the  Committee 911 

at  the  appointment  of  the  Committee 86 

Total 947 

ial  Committee  was  appointed. 

IS  taken  in  regard  to  members  in  anean  for  dues. 

wing  Committee  was  appointed  to  recommend  the  award 

the  year  ending  with  the  publications  of  Jnlj,  190i: 

Chablkb  li.  Stbobh^ 

S&icuRi.  Tobias  Waokxb, 

J.   L.  LVDLOW. 

the  enlargement  of  the  Society  House  were  considered, 
ans  were  oonsidered  and  other  rontine  business  transacted. 
a  Members  were  transferred  to  the  grade  of  Member;  one 
«  transferred  to  the  grade  of  Associate  Member,  and  six 
3T  Junior  were  elected.* 
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216  AXlTOCtrOEllBNTS.  ISodol 

ANNOUNC  EMENTS. 

Tbe  House  of  the  Society  U  opeo  from  9  A.  AL  to  10  P.  ff 
every  day,  except  Sundays,  Fourth  of  July,  Tbanksglvlns  Day  aa 
Christmas  Day. 

MEETINas. 

Wednesday,  June  ist,  1904. — 8.30  p.  u. — A  regular  bunneE 
meeting  will  be  held.  Ballots  for  membership  will  be  oauroBaed,  an 
a  paper,  "  On  Bedimentatton,"  by  Allen  Huzen,  M,  Am.  Soo.  C.  E 
vill  be  presented  tor  diecaBBion. 

TMb  paper  is  printed  in  this  nnmber  of  Proceedings. 

Wednesday,  September  7th,  1904. — 6.307.  u. — Aregnlarbnsin« 
meeting  -will  be  held.  Ballots  for  membership  will  be  oanTOSsed,  an 
two  papers  will  be  presented  for  discussion,  as  follows:  "The  Inetai 
lation  of  a  Pnenmatio  Pnmping  Plant,"  hj  Arthur  H.  Diamant,  Jtu 
Am.  Soo.  0.  E.,  and  "  Some  Notes  on  the  Creeping  of  Bails,"  by  San 
nel  Tobias  Wagner,  H.  Am.  80c.  0,  E. 

Both  these  papers  are  printed  in  this  nnmber  of  Proceedings. 


ANNUAL  CONVENTION,  1904. 

The  l^hirty-sixth  Annual  Convention  will  be  held  at  St.  Zionis,  Mo 
daring  the  week  b^inning  October  3d,  1901. 


UNIVERSAL  EXPOSITION,  ST.  LOUIS,  1904. 

The  Sodet;  has  undertaken  to  provide  for  an  engineering  exhibii 
and  the  establishment  of  Headqnarters  for  visiting  engineers  Intb 
center  of  the  Liberal  Arta  BulMIng,  and  the  Board  of  Direction  bi 
appropriated  sufficient  funds  to  defray  the  ueeesBary  expense. 

This  matter  ie  in  the  hands  of  the  following  Committee: 

BoBEBT  MooBB,  M.  Am.  Soo.  0.  E.,  St.  Louis,  Mo.,  Chairman. 

Edward  C.  Cabtxb,  M.  Am.  Soo.  0.  £.,  Chicago,  111. 

UoBDXCAi  T.  Ehsioott,  M.  Am.  Soc.  C.  E.,  Washington,  D.  0. 

Jambs  L.  Frazibb,  "  "         Frankfort,  Ind. 

Whjjam  Jaoksoh,  "  "        Boston,  Mass. 

EioL  KmoHUHQ,  "  "        New  York,  N.  Y. 

J.  L.  Yin  Obncv,  "  "        St.  Louis,  Mo. 

John  F.  Wallace,  "  "        Chicago,  HI. 

O.  E.  M00BN8XN,  Ssc'fy,  "  "         St.  Louis,  Mo. 
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COMMITTEE  OP  ARkANQEMENTS  FOR  THE  ENTERTAINMENT 

OF  MEMBERS  OF  THE  INSTITUTION  OF  CIVIL 

BNOINBERS.  IN  SEPTEMBER,  I904> 

The  following  committee  hM  been  appointed  by  the  Boud  of 
Direction  to  nmnge  for  the  reception  and  entertainment  of  the  mem- 


bers of  the  Inatitation  of  Oivil 
Headquarters  in  September,  1901: 

CnutLBa  Hebmamv,  C/tairman. 

CkjbtiBb  Paiwb, 

D,  J.  WHrrrnioBE, 

Tbomab  0.  Kxefbb, 

OoTAVK  Chanctk, 

Mkmdks  Cohrm, 

WlUiUM  HETCAIf , 

WtT.I.TAM  p.    CHAIOHlIit, 

Bkn^ahin  M.  H&bbod, 

Dbsmohd  FttzOmruJ), 

JoHK  F.  WaliiACB, 

3.  Jambs  R  Gboes, 

BoBxm  HoOBK, 

3.  A.  BxHSXL, 

A.  F.  BouAB, 

R.  S.  BcoE, 

C,  W.  Bdohholb, 

ThXOIWBX  COOPKB, 

FosrxB  Cbowxll, 
S.  L.  F.  Dbio, 

O.  J.  FiBSEQKB, 

a.  8.  Qbbkhx,  Jr., 
C.  E.  Obvmbkt, 


Engineers,  who  will  visit  the  Society 

AiiFSKD  N0BI.K,  Vice- Chairman, 
AiiiiKN  Hazen, 

BUDOIiPH  HXBIMO, 
CliEHEHS  HbBSOHEL, 

A1.EX.  C.  Hdmphbktb, 

L,  M.   JOHNBON, 

J.  J.  Kenmkdz, 
Nelson  P.  Lkwis, 
Cbas.  HAOnoMALD, 
Edwabd  F.  North, 
E.  £.  Oloott, 
Wm.  Basoi^y  Fabscns, 
Geo.  H.  Pkobam, 
Sakuel  Bsa, 
Jos.  Bahbst,  Jr., 

J.  V.  W.   RBTODBBa, 

A.  A.  Robinson, 

W.  II.   SATTNSKBa, 

0.  0.  sohiteidbb, 

3.  Wauw  Biotb, 

Wm.  H.  WnjY, 

W.  3.  Wiwioa, 

Okas.  Wabbbn  Hitht,  Secretary. 


As  soon  as  detaik  have  been  perfected,  a  circnlar  of  information 
viU  be  isaned  to  the  membership. 

PRIVILEaES  OP  LOCAL  SOCIETIES  BXTENDBO  TO  MEMBERS 
OP  THE  AMERICAN  50aETV  OF  CIVIL  ENQINEERS. 
The  Boston  Society  of  Civil  Enslneers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  716  Tremont  Temple,  Boston,  which  ia  open  on  week  days 
from  9  A.  M.  to  5  F.  M.  Uembers  will  also  be  welcome  at  the  meetings, 
which  are  held  in  the  same  building  on  the  evenings  of  the  fonrth 
Wednesday  in  January,  and  the  third  Wednesdays  of  other  months, 
except  Joly  and  August. 
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SIS  ANNODNOEUEirrS. 

The  rooms  of  the  St,  Loals  EagioMrs'  Club,  in  tl 
of  St.  Lonia,  will  be  kept  open  during  the  World's 
lat  to  December  lat,  1901,  and  visiting  engineera  are 
to  use  them  for  moil,  telephone  servioe,  iaformation, 

Theoonrteaieaofthe  Engineers'  Society  of  Westi 
have  been  extended  to  members  of  the  American  So 
gineen.  The  rooms  of  the  Sooiety,  410  Fcnn  Ava 
are  open  at  all  times,  and  meetings  are  held  as  follo' 
Jnl;  and  Angnat.  Bequi.ab  SBfrnoM,  Third  Tnet 
Sbction,  Thoredaija  foUowing  third  Tnesdajs;  Uec 
flnt  Tnesdaya;  Stbuotubai^  Ssotiom,  Fonrth  Tneeda 

SBARCHBS  IN  THE  UBRARV. 

In  Jannaiy,  1902,  the  Seoretarj  was  Bnthorized  to 
the  Library,  npon  request,  and  to  charge  tlierefor  i 
the  Society  for  the  extra  work  required.  Since  tha 
Bcarchea  have  been  made,  and  bibliographiea  and  oth 
special  anbiecta  fumiahed. 

The  resulting  aatiafaction,  to  the  members  who  '. 
the  reaouroes  of  the  Society  in  thia  mouuer,  hai 
frequently,  and  leaves  little  donbt  that,  if  it  were  ge 
the  membership  that  such  work  woald  be  onderta 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  yalne  c 
engineer  who  looks  np  such  matters  himself,  and 
performed  quite  oa  well,  and  mnch  more  quickly,  hj 
with  the  Library. 

Copies  of  all  lists  of  referencea  are  filed,  so  that 
ia  only  neoeajsary  to  make  a  typewritten  copy,  vhioli 
of  searches  to  a  minimum. 

la  asking  that  such  work  be  undertaken,  mcmbe: 
clearly  the  subject  to  be  covered,  and  whether  refe 
books  only  are  desired,  or  whether  a  complete  biblio^ 
aearch  through  periodical  literature,  ia  desired. 
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AfbinLl  ACCESSIONS  TO  THE  LIBRABT.  S19 

ACCESSIONS  TO  THE   LIBRARY. 

From  Apiil  13th  to  U&j  lOtb,  1904. 
DONATIONS." 

TABLES  SHOWINQ  LOBS  OP  HBAD  DUB  TO  FRICTION  OP  WATER  IN  PIPES. 

Bt  Edmiud  B.  Weston,  H.  Am.  Boo.  G.  E.,  Ml  Inat.  C.  E.  Third 
Edition.  Leather,  6x4  ins.,  6  + 170  pp.  New  ¥ork,  D.  Van  NoBtrand 
Compaoj,  1908.     91.50.     (Donated  b;  the  author.) 

Tha  aatfaor  ■{■(««  in  tb«  preftMNi  that,  wben  he  flrst  b^ao  to  niake  SDraoUcal  appll- 
otkiD  et  bvdiauUo  lonnuhu.  he  warn  unable  to  Hod  ooe  for  cakmlatlnc  urn  lOM  of  bead 
doe  to  the  trIotloD  of  water  HowIdb  Id  pipes,  that  be  had  not  heard  ctnlcbed  more  or 
kaa  imtaTorablr.  This  led  him  to  commeDce  to  make  ipoclal  hiveatlgatloiu  upon  tbe 
(ubject.    The  data  of  Are  hnadred  and  twentgr  eEperlmenla.  which  had  been  made  bf 


oooTtDced  him  that  the  tame  formula  would  not  apply  t« . . 

make  an  IntalUgeat  iDTenlBatloD.  It  would  be  neoeoair  to  divide  the  data  Into  thme 
fliwne.  TiA,  thoee  which  bad  been  obtained  with  plpeehailnc:*w]'BM>olhlntecl(H'ridea 
tfmltar  to  lead  and  bran  pipea,  thoee  with  plpea  nailnK  Iniarlor  ildee  elmllar  to  new 
— ■ ' —  ptpea.  thoee  with  iHpea  barlnc  interior  ddea  dmUar  to  old  eaat-lron  plpea.  nte 
le  tbe  oonstructhn  1^  the  antbor  of  a  new  tonnula  tor  the  How  <M  water  In 


raenlt  was  tbe  oonstructhn  br  the  author  of  a  i 
pipee  baTlnff  very  mnootb  Interior  ildea,  and  tl 
■meted  by  the  late  Benrr  Datey  were  well  ad 


, , r pipe*  ha^Ds  hitertor  sides 

.  _    -.  oaat-lron  plpea    A  nneral  formula  was  not  dleooTeied  which  would 

apply  aetlsTaotorlly  to  old  cast  Iron  pipes,  but  the  author  has  rlTeo.  la  IVUe  "-  °  - 
■erica  of  mulUpUera  which  can  be  need  tor  preliminary  work  In 

table. for  very  qiprozlmately  estimating  -•--  ■ _.  ..—  _. 

whidi  may  take  place  In  plpea  that  hare 

LANDSCAPE  ARCHtTBCTURE. 

Notea  and  Saggeatione  on  Xjawne  and  Lawn  Planting — Laring  ont 
and  ArranKeni«nt  of  Conntry  FIeu^a,  Large  and  Small  Farka,  Cemetery 
Flota,  and  Railway-Station  Lawna— Deciduona  and  Evergreen  Trees 
and  Bhntbs — The  Hardy  Border,  Bedding  Planta— Rook  work,  etc 
By  Samnel  Paraone,  Jr.  Cloth,  9x6  ins.,  22  +  829  pp.,  illns.  New 
York,  Q.  F.  Putnam's  Sons,  1904.     S2.00. 

The  IntroductiaD  etatee  that  the  object  of  this  book  Is  to  stimulate  bitenet  In  u 
tauxpenslie  style  i/t  landscape  KardenlnK  by  enunciating  a  few  praeUcal,  fundamental 
prindplee  and  to  give  an  aooount  ot  some  examples  ot  well-lald-out  grounds  and  a 
deaaiptlon  of  some  ot  the  beet  lawn  plants.  Tbe  chapter  headings  are:  Introduction; 
TteLswn;  The  TrvatoMmt  of  Sloping  QrouDda^Sprlng  Effedsoa  the  Lawn;  Treesand 
Bbnib*  lor  June  BSecta  on  the  Lawn;  The  rlowenand  IToUageoI  Bummer;  Oreen 
ADtnmnal  Foliage:  Aotomn  Color  on  the  lAwn;    Lawn-PlantlnK  for  Winter  Effect; 


i;  Qrandmother'i  Qarden;  Bedding  Ptaoti;  The  OmunfnlalJon  of  Ponds 

.       _ _es;  Lawn  Planting  tor  Small  PiaoearStv  "    ■-    ~.._. ..___.  —^ 

Oemetary  laws-FlantinaTKookerles  OE  "     " 


and  Lakes;  Lawn  Planting  tor  Small  Piaoea; 

"       -         Idws-Flantinaniookerles  <      "     " 

a  Index  ot  thirteen  pages. 

HANDBOOK  OP  TIMBER  PRESERVATION. 

BySamnelU.  Bowe,  M.  Am.  Soc.  C.£.  SonTenir  Edition,  Revised. 
Leatfier,  6x4  ina.,  204  pp.,  illas.  Chicago,  Pettibone,  Sawtell 
k  Co. ,  1904.     (Donated  by  the  author. ) 

since  1B6B  tbe  author  has  laboied  to  perfect  the  methods  and  arallanoes,  slndylng 
each  principle  and  all  qnevtlons  connected  with  tbe  operation  of  timber  preserrlng.  In 
the  direction  of  oonvenlence.  economy  and  effectlvenees.  II IB  not  pretended  (hat  tbe 
operator  can  take  up  the  matter  from  the  book  and  proceed  ai  once  to  run  tbe  business, 
bntthe  treatise  will  be  otserrlce  as  a  haodbook  and  guide  during  the  operaUou  ol  tbe 
plant  ss  well  aa  In  giving  hints  during  the  construction.  The  second  edition  Is  pub- 
Uihed  after  being  reiisedand  extended  In  itssoope.  An  ettort  haa  been  made  to  bring 
In  the  wrItlDg  of  other  experienced  men,  aa  well  as  to  add  many  items  of  experience 
and  results  of  experiments  that  win  aid  the  student  and  operator  In  a  fuller  nnderaiand- 
Ing  of  tbe  prlndplea  InnilTed  In  the  operation,  the  nature  Of  the  chemicals  ussd,  and 
tbe  charader  of  tbe  woods  Vested. 

spedOed  books  In  this  lift  hate  been  donated  by  tbe  putillshers. 

U,g,t7cdb/GOOgIC 
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PRACTKAl.  LESSONS  IN  eUECTRlCITY. 

ElementB  of  Electricity;  The  Eleotric  GDrrcDt,  by  L.  E.  Sagar. 
Electric  Wiring,  bj  H.  C.  CnBbing,  Ji.  Storage  Batteries,  by  F.  B. 
Orocker,  H.   Am.    Inst.   E.   E.     Cloth,  10  i:  T  ins.,  illnfi.     Chioago, 

American  Bohool  of  Correepondence. 

TliiB  Tolume  consbtB  ol  four  of  Uie  forM-fl*e  regular  textbooks  in  llie  elsctiical 
ensiaeeriDf;  ooune  of  tbe  American  School  of  CDrreapondence  st  Armour  Institute  of 
TecbnoloKj.  bound  toEethsr  In  contenleat  form,  but  Lot  In  Uie  order  iimisUy  studied. 
nM  nuTpose  of  tbe  volume  ia  to  bIto  the  public  an  opportuultf  to  Judce  of  botb  the 
Maodard  and  the  toope  of  the  Inatructlon  offered.  tAe  elementary  Imtructlon  being 
UlastntedbytheflrMtaaU,  andtheadTsncedlnatructlonbytlie  last  half,  of  the  book. 
AHbongh  pubUahed  prlmajll;  to  demoostnUe  tlie  character  of  the  t«ztbookB  of  tlM 
■ohool,  andrepreaenUDKOtilra  fraKinenlarj  part  of  the  complete  electrical  ensliMerlnc 
course,  yet  It  Is  beUered  that  this  volume  baa  In  Itself  enouKh  pntotloal  Information  lo 
make  ll  no  addition  to  tbe  Uhriu?  of  die  expert  electrlcdau  aa  well  aa  to  QtU  of  Uie 

LBS  PORTS  MARITIMBS  DE  L'AMBRIQUe  DU  NORD  SUR  L'ATUANTIC. 

Par  Le  Baron  QoiDStte  de  Boobemont  et  H.  Vetillart.  Paper, 
91  z  6  ina.,  Atlaa  22  x  16  ins.,  8  vol.,  with  Atlas.  Paris,  Yve.  Ch. 
Snnod,  1898-1904.     66  francs. 

Volume  I  of  this  work  relatna  to  the  Canadian  ports  and  Volume  II  ts  a  atudr  of  tbe 
admlnlatratlon  of  navigable  iraya.  Volume  UIIaamonaKraphontbeprindpalbarbon 
on  Uie  eastem  ooaat  S  tbe  United  Statea:  Portland,  Sandy-Bvr,  Boston,  How  York, 
Baltlmors.  Philadelphia,  Mewport  New^  Norfolk,  Portsmouth,  Charl«ton  and  Ssvao 
uah.  Therolaadeacrlptlonoteachof  these  harbora  giving  Its  geosraphfcad  and  hydro- 
napUoal  altuatton,  Ita  nautloal  oondlUona,  the  linprovements  wbbh  have  been  made 
br  the  Ratlmal  and  State  QovemiDents,  bj  local  authorltteB  and  private  enterprln. 
StaUatloal  Information  Is  given  which  shows  tlie  commercial  Importance,  (he  prc^rrsas 
and  the  cuatoma  and  taxes  received  by  the  public  authorities. 

LBS  R^ULATBURS  DBS  MACHINES  )l  VAPBUR. 

318  pp.,i]lnB.     Paris,  Vve. 

In  this  work  tbe  author  baa  developed,  aside  fro:_  „ 
different  French  snd  forelsn  authors,  and  baa  compared  si 
la  In  two  parts:  Fart.  I.  Clnfimatliiue  et  Static"-  ••■■  ° — 
J..  ».<_.. ..^„„,     p^^  J  gi^^  .  „^  ..  .i„  .. 

with  centrifugal  I 

on  this  aubjea,  ST 

cloaea  with  a  treatise  on  the  experlmenta  made  to  simplify  t 
iBlor.    There  la  an  analytical  table  and  an  alphabetical  Index. 


du  R«gulateur.  Part  I  giv«  a  list  of  the  efforts  made  to  perfect  the  Watt  machine: 
regulators  with  centrifugal  toroe,  pneumatic,  marine,  electric,  etc.  There  are  muif 
. ^L. — ibjeot,  snd  the  author  has  broupht  them  ^1  together.    The  wort 

e  on  the  experiments  made  to  siaipllf  y  the  functions  of  Uie  itra- 

lalytlcal  table  and  an  alphabetical  Index. 

Gifts  have  also  been  reoeived  from  the  following: 

r.  of  Rya.  and  Csoala. 
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OaatellA,  Andi«a.   I  pam. 
iniiBi.    .■.  .ui.,  .  tiu.  Church,  C.  T.    1  pam. 

to  doe  EngeiibelTOa  Clvls  Porta-        Oity  Kteard.    1  bound  vol. 
_._A    Snoe.  Civ.  Engineers' Club  of  Clevc 

AtUison,  Edward.   W  pam.  Clarksou  School  of  Tech.    l  pam. 

Baboock,  J.  U.    1  bounAvol.  Collwlo  dwU  luregnerl  ed  Anshltettl  In 

Brackett.  Dexter.    I  vol.  Palermo.    1  voL 

Brit.  Columbia— Bureau  of  Provincial  In-        CoUegto  Toecano  degll  Incegnerl  ed  Arch- 
tormatlOD.     1   bound   vol.,   4  vol.,  0        _  .i^^^    1  bound  voL.U  vol.^Spr"- 
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Jobs  Cmrar  Lib.    1  pam. 
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I^ke  Kris  £  Wenorn  H.  B.  Co.     1  pun. 

Lynn.   Hms.— Board  of  Pub.  Worts,    I 
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■edfoTd,  Ifa«.— Water  Commn.    I  nam. 
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Ohlo-Bnreati    of    Labor   BtatlMliss. 
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<nt}  FOlgtecknie.  BvdL 
PHWtraaa  Pub.  Co    "  ■----" 


(no  Pblj 

PrMtreai  f , 

B.  1— B.  B.  Oommr. 


re  dea  Inf«nleun  et  dee  Indus- 


Soper,  Oeorge  A.    1  pun. 

South  Anatralla— Rva.  Commr.    1  pam. 

Bwartlmiare  ColL    1  *oL 

Bwltaerland— Bureau  Hrdrometlc  VMinl. 

Taunton,  ICaaa.— Water  Commra.    1  pam. 
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U,  B,  Hydrographk;  OIHoe.    8  pam. 

U.B.InEeintote  Commerce  Comm.    4pai 

tJ.  B.  Naval  Academy.    11  pam. 

U.  8.  Naval  Inst.    4voL,>nos. 


Univ.  of  Hlch.    Spam. 


Oecd.    Ipam. 

Haaa.— Water  Dept.    1  pam. 
iirean  of  Statlatkw,  AKricultni 
imlnatlon.    S  bound  Tol. 
Mine  Inapector.    1  vol., 

V^^^:Wet  Mine  Inapector.    S  voL, 

Vallate  OeoL    1  bound  vol.,  1  vol 
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Wiley,  Wni.  H. 
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Unknown.    I  bound  vol. 


BV  PURCHASE, 
il  of  Marine  EnClDeerlng;:  Oomprising  tbe  Deeign,  Gon- 
stntction  and  Working  of  Marine  Hacbinerr.  Bj  A.  E.  Seaton, 
M.  Inst.  C.  E.,  M.  Inat.  E.  E.  Fifteenth  Edition,  thorongUy  Reyiaed, 
EaUrged,  and  in  Part  Be-Wtitten.  London,  Charles  Orifiin  and  Oom- 
pauj,  limited,  1904. 
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Ao  Elemeatary  Trvatlse  on  HoUtlnz  AUchloerr.  Including 
the  ElementB  of  Ctane  Oonatrnction  and  DesoriptioiiB  of  thf 
Tarioue  Typea  of  Cranea  in  Use.  By  Joeoph  Horner.  Philadel 
phia,  J.  B.  Lippincott  Company,  London,  Crosby  Lookwood  and 
Son,  1903. 

Tralto  Theoretlque  et  Practlqae  de  Metallur^  Qenenle.    Par  L. 

Babn.     Vol.  I.     ParU,  Ch.  Betanger,  1904. 

TnuiMctloiis  of  tbe  American  Ceramic  Society.    YoL  I-II.    Co- 

InmbuB,  1900. 

Proceedings  ot  tlie  United  States  Naval  Institute.    ToL    5,    Nos. 

6-7,  10.     1878-T9.     AnnapoUa,  1878-79. 

The  Encyclopedia  Amerlcaaa.  A  Qeneral  Siotioaaiy  of  Arts  and 
Soienoea,  Literature,  History,  Biography,  Oeography,  etc.,  of  the 
World.     Vol.  9-11.     New  York,  Chic^o,  The  American  Company. 

Compeadiam  of  Drawlnt.  Compiled  from  the  InBtmotion  Papers 
in  the  Heohanioal  En^ineerinK  and  Sheet  Uetal  Pattern  Drafting 
Conrsea  of  the  American  School  of  Correapondence  at  Armooi 
Institnte  of  Technology.     2  vol.    Chicago. 

Facto  on  Fire  Prevention.  The  reanlte  of  Fire  Tests  Condacted 
by  the  British  Fire  Prevention  Committee.  Edited  by  Edwin  0. 
Sache.     2  vol.     London,  B.  T.  Batsford,  1902. 


SUMMARY  OF  ACCESSIONS. 

April  13th  to  May  10th,  1901. 

Donatioos  (ioclading  62  dnpUoatee  and  16  nombers 

completing  volnmes  of  periodicals) 6 

By  pnroaase 

Total 6 
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w.]  HBHBIRSHIP— ADDITIONS. 

MEMBERSHIP. 


'    DMaof 
Hembanhlp. 
Ann,  WiLioM  Ibtimo.    OU.  Engr.,  Hew  Tork  Tannel  Co.,  9 

Eut  IMtb  St.,  Mew  Tork  CUy May    *,  19M 

AixcH,  WiLuut  BuLi.ui>.    Land  Agk,  TenneHee  Coal,  Iron 

&B.  B.  Co.,  P.O.  Bos  H73,  Birmingham,  Ala Feb.     3,1904 

CuTLOMX,  Caiuss  HoFKun.    Bridge  Engr.,  C,  B.  ft  Q. 

B.  B.,  209  Adams  Bt.,  Boom  61,  Chicago,  □! Me?      i,  19U 

CoLLDis,  BoDKBiDK  Qkbimc,  Jt.    EogT.  and  Oen.  Sapl..  New 

York  Contr.  ft  Tnioking  Co.,  SOS  East  30th   Ht.,  New 

TorkCity May     *,  1904 

Dun,  Abtbcb  Wabkcn.    state  Engr.,  Slate  Hoose,  Coooord, 

N.H May     4,  1904 

EiiiOTT.    JAMta    RoTHUrou..      Ot.    and    Min.  t  ^^^  j^    ^        ^    l^j 

Engr.    (EUioU  ft  Baton),  1311  Keystone  < »  .  ^,   g    jm^ 

Bldg.,  Plttrtmrg.  Pa. (     '  ^^     ' 

Qtu-RTa,  Balbzbt  Powkbb.    Amoc.  Editor  £W<;in««r(n9  Keics, 

1Mb  Floor,  St  Paul  Bldg.  (Be*.,  604  West  ISlat  St.), 

NewTork  City May      4,1904 

JiooBs,  CoiALBS  Hattaihuh.  138  Broadway,  New  York  City.  May  4, 1904 
JoNia,  WiLLUic  HsintT.  31G  Tine  St.,  Leaven  worth,  Kane...  May  4,  1904 
KKII.T,  Edwabu  Masion.     Sopt^,  QormBQ  Coal    A,  Coke  Co., 

Aneten,  Preston  Co.,  W.  V« May     4,1904 

LoTKu,  Wju.tbb  Daxtiixi.     Equitable  Bldg.,   Des  Moines, 

Iowa. May      4,  1904 

UioHtBa,  Wjujut  Stobh.    320  City  Hall,  Chloago.  HI Deo.     2,  1903 

HiOKSXi,  Hkhbi  Tinobkt.     44  City  Hall,  Boston,  Maaa May     4,  1904 

Nawnovao,    Willum.      Civ.    and    Min.   Engr.,  Evanston, 

Wyo April    6,  190* 

(tniHBi,  BnwiM  Kdfve.    City  Bnrr.,  69  Doane  St.,  New  York 

City May    4,1904 

Snow,  Eauix  Hsnutr.    (Snow  ft   Barbour,  Git,  (  . 

and  San.  Engra.),  Tremont  Bldg.,  BoetoD,  ■<  „ 


Jane    4,  1S86 
May      3.  1904 


8T01TB,  Erxnn  Edwibo.    Asst  Cht  Engr.,  Boston  ft  Albany 

B.  R.,  Springfield,  Mass May  4,  1904 

Stnun,  JoBBPB  Thoupsdit.    Ei^.  of  Constr.,  P.  B.  B.  Co., 

1S36  North  leth  St.,  Philadelphia,  Pa May  4,  1904 

Tirma,  Gdsut  AdoiiPh.     AMt.  SnpL  and  Engr.,  Erecting 

Dapt,  The  Pbcenix  Bridge  Co..  Phoenix tiUe,  Pa April  6,  1904 

Tsnn,  Taso.    Engr.,  Govt.  By.  Offloe.  24  Hongo  (  ^''°-  *^'-  **■  "^^ 

Umieho  Nichome,  Tokyo,  Japan 1  *^''-  "■  ^o*-  *■  '^^^ 

(M.  Mar.  1,  1904 
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Hembanhlp. 

Vabium,  Fbederiok  Conotib.    V.  S.  Aut  Engr.,  (  Absoc,  H.  Jan.  3,  1900 

3001 1  St.,  N.  W„  Waahington.  D.  0 (  M.  May  3,  1901 

Wbbb,  Waltmi  Loiuko.    Coub.  Engr.,  810  Oirard  t  Abboo.  M.  May  4,  1B93 

Trnat  Bldg.,  Philadelphia,  Pa I  M.  Maj  3,  1901 

Woi*,  Jnuoa  Hbbmam  Gbokob.     Awt.  Engr.,  D.  ( ^^^^    jj  n^.-  7    ^ggg 

8.  Engr.  Offlae,  93  Flood  Bldg.,  San  Ftau<  j  w            '  ...  J  ,gQ^ 

oisM,  Cal .....'     ■  '^ 


BAtaxn,  BoBKBT  Jai.    9816  Eving  Are^  South  (  Jdd.  Feb,     3,  190S 

Chicago,  m i  Abkkj.  M.    Feb.     3,  1901 

BnvHia,  WiLLUH  Laiuxi.    Asat,  Engr.,  Hsm.  State  Board 

of  Health,  110  SlateHooee,  Boston,  Hue Hsj     4.  19M 

Clebmomt,  John  BApnen.     Oen.  Unpt,  ^  Bnilding  Oonatf ., 

167Seoond8t.,Williamabridge,  New  Tork  City May     4,  1901 

OoKBTAiB,  Frihoib  Aiaibtbon,     Chf.  Engr.,  Great   Northern 

FoveiCo.,  Dalnth,  Minn AprU   6,  1901 

Datib,  Jakbs  Lttobd,    7  Wast  134tb  St,  NewTorkOi^ He?     4,1901 

QuiBBVAiH,  WiLLUK  Otto.  Care,  San  Oatlos  Copper  Co.,  San 

JoB«,  Tamanlipae,  Mexico April    6,  1901 

Oatucb,  EamBi  BomoK.    Cit.  Engr.,  D.  S,  N.,  Nary  Xtrd, 

Not  Iiondon,  Conn April  6,  1901 

Otvsm,  BioHaBD  ia-KuMDWit.    364  Bandolph  Bldg.,  Heinphia, 

Tenn Feb.     3,  IKM 

Gbbbhb,  Aiakbt  EHKBaoN.    Aaat.  Prof,  of  dv.  Eng.,  Univ.  of 

Miohi^D,  415  E.  WiUiam  St.,  Ann  Arbor,  Mich May      1,  1901 

Ei>0BaoT8KL  TaxoDona  Juuns.    Care,  JntematioDal  Portland 

Cement  Co.,  Ottawa,  Ont.,  Canada April    6,  1901 

LxniiKB,  BnBtoNBuTHSsFOBn.     17  Olive  PL,  Clereland,  Ohio.    April   6,  1901 
LvHD,  BoBUCi  LxATHAM.     CoDB.  Engr.,  Elk  Bldg.,  Little  Book, 

Ark May     4,1901 

BsABUBii,  DaWiTT  Laa.    Care,  D.  S.  Oeological  Snrrey,  Waeh- 

ington,  D.  C AprU    6,  1901 

DiisTau),  OHASLas  HatraT. .  Snpt  of  Constr.,  D.  /  xgaaa  Hav     5    1903 

S.  Pnblio  BldgB.,  Office  of  Uie  Snperr.  ArohL,  ]  ^^^^   jj     jgl     3^  ^^ 

U.  S.  TreasDTy  Dept,  Lai^renoe,  Mbm ' 

WasT,  OaatM  Jakbs.    Bes.  Engr.,  The  Fhisiilx  Bridge  Co.,  463 

The  Bookery,  Chicago,  111 May    4,1901 

WnjJUtB,  Wu/TEB  SooTT.     ABBt,  Prof.  of  CiT.  Eng.,  VniT.  of 

Miaaonri,  906  Conley  Ave.,  Colnmbia,  Mo April   6,1901 

WooDASS,  WiLKiB.     City  Engr.,  City  Hall,  ShieTeport,  La. . .     May      4,  1901 
Woona,  AHsaaw  ALrxao,  Jr.     Bea.  Engr.,  A.  JC  T.  By.,  Tloka- 

bnrg,  Miaa. Miiy      4,1901 
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imaoaa,  „  Bale  ot 

Hambetthlp. 
Gsmuw,  BiiJH  WiLLMB.    S31  West  136th  St.,  Vaw  ICotk 

Cily Maj     8,190* 

M'»»iin.T.    BommBi  Hau.    166  Summer  St.,  Orand  Bapids, 

Hich May     3, 1904 

BoBBTS,  Husx  AaBTOK.    Cue,  Eiigr.'B  Office,  D.,  L.  A  W.  B. 

B..Hobokea,N.  J April   5,  19M 

CHAN0B8  OP  ADDRESS. 


Bioas,  EoVAED  Casixx Bea.  Engr.  (Boiler  ft  Hodge),  Dept,  Re- 

infOTcement  and  Repairs,  Brooklyn 
Height!  B.  B.  Oo.,  Brooklyti,  N.Y. 

Biunm,  HKHnTfimLONO ISOOBodneySt.,  Wllmingbm,  Del. 

Beich,  Bobvm  Jamb  : Free.,  B.  J.  Beach  Eng.  Co.,  33  Broad- 
way, New  Tork  City. 

BiixD,  Bdwaxd  Jims FriE.  Asst.  Engr.,  C.,  B.  I.  ft  P.  By. 

3836  MoOee  St.,  Kanaaa  City,  Ho. 

BoauT,  JoHtt Conn.  Zngt.,  16    Eiohange   PL,  New 

York  City, 

CuNBBXB,  FuvK  TktUM 402  W.  Ormab;  Are.,  LoniniUe,  Ky. 

CooFZB,  THXoDOBa OonB.  EDgr.,  46  Broadway,  New  Tork 

City. 

CowLn,  Waijtzx  ZiiM>i.>i Cons.   Ei^.;   Seoy.,    D.    F.   Holman 

By.  Tracklayer  Co.,  1749  Bailvay 
Eiohange,  Ohioago,  lU. 

CtiBORB,   Wnjjuf  WiLKUXS ConB.EQgr.,  onOonrtr.,  lieNsBtanSt., 

New  Yoik  City. 

Cbdmp,  B&iiPH  Ln Care,  Ford,  Baoon  ft  Davis,  24  Bioad 

St,  New  York  Ci^. 

OuHui,  Joseph  UusHAU. Fonrth  Vioe  Pies.,  Erie  R.  B.  Co.,  31 

Cortlandt  St,  New  York  aty. 

Hin.tmjBgr,  Obobok  Bl-aodbi. Care,  Ota.  John  Gill,  Catonerille,  Balti. 

more  Co.,  Ud. 

BIB0K1.IC,  JoHK  Fkamzuh Chf.  Engr.,  Frieoo  System,  800  Fuller- 
ton  Bldg.,  St.  Lonla,  Mo. 

Edth,  Gkoboz  Tbomis ..Bes.  Engr.,  Ba^e  Canal,  Fnlton,  N.  T. 

LimMawKi.1^  TnxuM  Howi.uid Hgr.,  DiTJaadero  Vine,  DiTisadero,  Ia 

Union,  Salvador. 

LocxwooD,  Jambs  BoTTox  Cltsx Code.  Engr.,  661  Worcester  Bldg..  Port- 
land, Ore. 

MiNZB,  Chablxs  AvoDBTDn 1007  Adams  8t,  Wilmington,  Del. 

Nbtsbbodt,  Edoas  B 637  Railway  Exchange,  Chicago,  HI. 

Noai*  AuvBD. 1  West34Hi8t,  New  York  Oi^. 

M<»kiB,  BoBKnTYAX  Assdai-b Bennett  Bldg.,  Wilkeabarie,  Pa. 


b,GoogIc 


226  UBMBERSBIP— 0HAN0B8  OP  ADDBBSa.  (Sode 

OuiBTSD,  FkAHE  HxHBi  Ooiu.   BngT.,    IMS  BoDBallo    Ave.,  L 

ADgeUs,  CaL 
Pbrkdh,  EdhuhdTitlob..  Care,  U.  S.  aeologioal  Bnrve;,  llOBBm 

Bldg.,  LoH  Angeles,  CaI. 
ItnjKMi,  Cbaklib  Di  1.1  Chikoib Gogr.,   M.    of  W.,    Frisoo    System,   E 

Loaie,  Mo. 

Bku»,  BoflMBi  LsLANS 68  Sammer  St.,  Ualden,  Hub. 

Scott,  EsiraHT  Kai Care,  Bootbt  &  Hasoa,  1107  Bailwa;  E 

change,  Chicago,  111. 
Stkrn,  Euonra WiBBmoTOK Coaa.  Engr.,  7Weat  36Ui  81.,  NeirYoi 

City. 
Tdozxb,  LseriB  Wiuw Aaat  Engr. ,  DeL  A.  Hndson  B.  B.,  216  S 

Cant«T  St.,  Scheneotad],  N.  Y. 
ViBBiLL,  Ubobob  Eujot Snpt.,    U.    8.  Engr.  Dept.,  866  Ch^ 

St.  (Ree.,   341  Wiuthrop  Ave.),   Ne 

Hbtrd,  Conn. 

WxBSiKB,  CHUi«i  EnwiBD Cons.  Engr.,  South  Bethlehem,  Fa. 

WiLUiMBOK,  Btdkbt  B*ooN With   Expanded    Uetal   Eng.    Co..    31 

Broadway,  Mew  Tork  City. 
Waison,  WiujAif  PiBioHa Eng,  Dept  ,n.  P.  B.  B.,  Omaha.  Nebr. 


Abchba,   SrvvBHBOK,  Jr GTeeQTiUe,  Miss, 

Baxss,  Eu*hi  Bbowh Frea.,  Baker  Contract  Co.,  1305  Fame 

Bank  Bldg.,  Pittsbn^,  Pa. 
BxBasB,  Bebnt Ajet.  to  Theodore  Cooper,  45  Broadwa; 

New  York  Ci^. 

Col*,  Hebbkbi  Niohoia Oare,  Semet^Solvay  Co.,  Uilwankee,  Wi 

Ems,  BteNBT  JuoB Cali,  Colombia. 

Fox,  Walixb  Ookdoh 65  West  4Sth  St.,  New  Tork  City. 

OiLLEBPiB,  BioHABO  Hknwood AmI  SogT.  Boreav  of  Highways,  Broi 

(Bea.,  2774BriggBATe.,  Bedford  Park 

New  York  City. 
QBoaa,  DiNiKL  WiiiaaiiD Qneena  Bun  Fire  BriokOo.,  LockHava 

Pa. 

B4TB,  Dow 307  W.  niinoiBSt.,  Urbana,  HI. 

HsBxiNa,  WilusdE TU  East  Mb  St. ,  Kanaaa  City,  Ho. 

Uuji,  Elbbbt Ci.ma Frin.  Aaat.  EngT.,C.  O.  W.  By,,  St.  Pan 

MoBBisoH,  Edoehb  TiiuiB Aast.  Engr.,   Bridge  and  Conatr.  DepI 

Penn.  Steel  Co.,  Stoelton,  Pa. 

MOBIBOM,  Wiuiui  Skttk 1516  Franklin  St.,  Wilmington,  Del. 

N10H014,  CuBENOi  HioKB 36  West  3Tth  St.,  New  York  City. 

FiBSOBs,  Abchibau>  LinNaHtOHi — Cit.  Engr.,  XJ.  S.  N.,  Carite,  Philippic 
lalftKda. 

Patsssou,  Habzx  TnoKta  Asat.   Ei^..    D.  S.   Oeologioal    Sorrei 

Cody,  Wyo. 


b,Googlc 
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PsnjjPB,  Theodobk  CuTFOBD Civ,    and   Hydr.    Engr.,   Cue.   Edw.   S. 

Cole,  320  Broadwuy,  New  York  City. 

PinttHBrr,  Cb&si.eb  Uabcbu-os Caie,  J.  E.  Siiriae,  Qreenville,  S.  C. 

Skcbot,  PiTTL  AiSKBT OtBoe  Eogr.,  North  Biver  Div,,  PeDn., 

N.  Y.  A:  L.  I.  B.  B.  Co.,  1  West  34th 

St..  New  York  City. 
Skelli,  James  Wiluah Jaoioi  Eagr.,  D,  S.  Eogr.  Depot,  Foot  of 

Arsenal  St.,  St,  Louis,  Mo. 
SLiiTos,  CsAHLis  Ai,BERT  St  L.,   BrownsTille  ft  Mei,  By.,  Corpos 

ChiiBti.  Tei. 
Tboksox,  Ebsxkc  Bdbslkm U.  S.   Asst   Engl.,   U.  S.   Engr.  OlDca, 

Miami,  Fla. 

VnuAMH,  Chirles  PioE  Ft.  Miohie.  N.  T.,  via  New  London,  Conn. 

WILU4M8.  Samobl  Dacobemt,  Jb    513  Nasby  Bldg.,  Toledo,  Ohio, 

ASsocuna. 
Dewet.  Chabi.Es  Ellis. 46  Bank  Bldg.,  Watertown,  N.  Y. 


Benton.  Lewis  Steoerwald Office  of  2d  Asst.  Engr.,   L.   S.  ft  M.  S. 

Rj.,  Cleveland,  Ohio. 

Clbavcb.  PrrsoK  Jai Fort  Edward.  H.  Y. 

Datus,  WtLUAM  Qoueb CoTe,  U.  8.  Geologioal  Sarvay,  St.  An- 
thony, Idaho. 

Edwabds,  Oliveb  Cbohwsll.  Jr Box  163.  Mingo  JnoctioD,  Ohio. 

FiscHKB,  GmiXBBMO  GosTATo , Trinidad,  Frovinciade  Santa  Clara,  Caba. 

HiBFs,  Habbi  Mact . .     NanlDcket,  Mass. 

Habbis,  Hbnbi  Aleiandcb New  Hops.  Pa, 

Hab^hbajokb,  Elmbb  Dwiobt Aapinwall.  Pa. 

UoWKB,  Kau-h  Holt Civ.  EnRr..  Wells  Bros,  Co.  of  New  York, 

400  Oak  St.,  SyracuBe,  N.  Y. 

Hms,  Jambb  Hek bt Care,  Prairie  Oil  A  Gas  Co.,  Nsodesha, 

Ea&K. 

Peabbb,  Lakodom  317  Walnut  Ave.,  Buxbnry,  MasB. 

Sackbtt,  AjiTHint  Johnson Care,  U.  8.  Engr.  Office,  Miami,  Fla 

Scnrr,  Gc» Awit.  Engr.,  Penn.  Co.,   Box  331,  Wellg- 

vills,  Ohio. 

Sbbsei,  Jakes  Wolfs Abingdon.  Ill . 

TiTuiB,  HowABD  Flandebs         ,    . .  .SOU  Brighton  Ave.,  Kansas  City,  Mo. 

Dndebwood,  Howabd  Wabbut   Asst.  Ei^.,  Buieaa  of  Filtration.  Pitts 

Veniob,  Abthvb  Enil Care,  Bnrean  of  Sewera,  Boom  44,  Mnni- 

cipal  Dept.  BIdg,,  Brooklyn,  N,  Y. 

Whtfted,  Levi  BoHiiLcs Snpt.  of  Constr.,    U.   S.   Pablie   Bldgs., 

Borne,  Ga 

Woodcock,  Henbt  Wbiobt 361  Oosaa  Ave.,  Brooklyn,  N.  Y. 
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DEATHS. 

AiHHLBE,  James  W Elected   Follow,   May    28th,    1872; 

September  13th,  1903. 
AiHswoBTH.  Dahfoittb HcBLB^T.   ...Elected  Member,   Mnrch  3d,   1886 

AiirU  24th.  1904. 
BiCHABDSOH,  B.  Fbink Elected    Member.   July    lat, 

April  18. 
Stobbow,  Obiblbb  Stosbh Elected  Hod 

18V3;  died 


b,  Google 


CDBRBMT   EMOtMEBRlNO   LITSRAlUBE. 


ILV  LIST  OF  RECENT  BNaiNBeRINO  ARTICLES  OP 
INTEREST. 

{April  Uth  to  Ma;  10th,  1904.) 
— Thit  list  is  pubUihed  for  the  purpose  of  placing  be/ore  the  members 
'Jy  the  titlet  of  current  engineering  articles,  ichich  c<m  be  rfferred 
mailable  engineering  library,  or  am  be  procured  by  addressing 
ilioa    directly,     the    address    and  price  being    given   wherever 

U5T  OP  PUBLICATIONS. 

inbjoined  lilt  of  article!  references  are  given  by  the 
h  journal  m  this  list. 


latt..    Phlladel- 
c.  of  Edki-b..  Ho- 


.  Que..  Canada. 

1/  Hinri  VuarteTlu.  Coli 

..New  York  City,  60c, 


criLoDdODl.lDtenuiUoiial 

,  New  York  City,  86c. 

a  -VeiM,  New  York  City, 

xriig  SecoTd,  New  York 

latclte.  New  York  City. 


cal  irorW  and  Snfliiimr.  New 

c  City,  lOc. 

il.  New  England  Water-Work* 

it'.  Society  of  ArU,  LoDdon, 

It    dea    Traraux   Public4  At 
iqur.  BriuBeJB.  fielBlnin. 
^  deV  Astoc-  da  Inff.  SortU 
!roI(  Spicialei  de  Oand.  Bnie- 
BelKlum. 

Irei  tt  Conptt  Renda  da  TVn- 
:,  Soc.    Inn-    CIt.  de   Fraace, 


(Sftl   La  Rrv 


•  .  Parie.  Krai 


e  in  C'ontlTue- 


(371   Rcfur  dr  M^ranigi 
(38)  RtvatOfnfmte  dt 


U^ranioue.  PwIb,  tTanc 


(39)  Railuvu  Uaiti 
111.,  10c. 

'  -•  "-■ *g-  ' 

City, : 
■«    Poi 


ai 


(«)  ^"; 


New  York  City, 


t    Cham 


I  Stagaiint,  New  York  City, 
nmj  (London),  W.  H.  WLley, 


nstltu- 


(48)   "I"' 
(46)  5c(*i 


(S4>  r. 
(as)  Tvil 


c!^,V° 


iw  York 

rtran.  New  York  City. 

itginttr.    Hancheeter, 
.,  New 


i'£ 


„.■»?• 


ntrnol.  Kew  York 

H   and   EnoineertiKg   Btvlttc, 

avo.  lU.,  10c. 

lie  AmrricanSuppimtnl,  New 

M,  New  York  City,  lOo. 

u    Knainecr,    London,    Eng- 

,  aoc. 

id  Coal  Trada  Ktvitic,  Lon- 
En  Eland.  S6c. 

n.  American  Iron  and  Steel 
c.  Philadelphia,  Pa. 
an   Qai  Light  Journal,  New 

:Ciiy,10o.  ,.., 

«n  Bnginar,  New  York  City,        {6s)  Offtci 


Soc.  M.  E.,  New 

Clly.dO. 

<S«)  Trajoaeliom.  Am.  Inst.  HIa.  Engrg.. 
New  York  City,  ts. 
■ittirrydiiardiaii.  LonrloD,  EnEland. 
roretdingi.  Eng,  Soc.  W,  Pa.,  410 
Peon  Ave.,  Plttaburn,  Pa. ,  60c. 
(89)  TraiuacHons,  MlnlDf  Inst,  of  Scot- 
1 — J  , — J ■  *TowcaBlle-upon- 
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I]  .American   Manti/t 


Indtanap- 
VChioago,'?il„  sic! 


London,  England. 

(«4)  PotMT.  New  Y?.rk  City.  Km. 

-      I  ProfMdino*,  New  York  Rall- 

Club,  Brooklyn.  N.Y.,  16v. 

(6«)  Journal   of  Oai  IJgKting,  London, 

England.  16c, 
(67)  Ctnunl  and  Rnginetrlng  Nrvt.  Cbl- 

cago.  Ill..afi<?. 
(6S)  ViiiiRo  Journal,  London,  EDsland. 

(69)  Mill  Ofnrrs,  New  York  City,  lOc. 

(70)  Enmneering  Rfview.  New  York  City. 

(71)  Journal,  Iron  and  Steel  luBt., London, 

(73)  EUc^Han.LoBdoa. 


Qdon.  England.  IBc. 

Inat.    or  MlD.    and 

UfMI  ,  London,  England, 

'■    n,  Inat,  orUecb.  Engra. 


(75)  Procfrdingt,  Ii 


b,  Google 


CUBRENT   SNQtMEBBIHQ   LITBBATtJBE.  [Sod 

UST  OP  ARTICLES. 
id« Pnctlce  Id  Hew  Boutb  Wales*  Henry  HarT«yI>»i«,Anoc.ILt 

t  Metal  Brldne  DtirluK  ConMnictloD  and  EreeUoD.   Wa 
_. .^  ™_^_„1.,  = ,  westero  New  York.) 


Plate  airdera  Dae  to  Impertect 

I  Apr.  IB. 
Apr.  la. 

I.  (Paper  read  before  the  Amer. 

MSbore.'    (13)  Apr.EI. 

'    (IB)  Apr.£S. 

>l  beglnninf  Apr.  80. 

a^'  (iK'Apr.aO. 

it  Reiurorced  Concrele.*    (I3> 

AlJr^eFlateULrderBridKedntheErJe.*    {tg)  Hayfl, 


liChfllnearecl-Aro.'    H.  L«ay.    (43)  4e  Trimemre,  l»Oe, 

Un  Trace  Otom^tiique  dee  I^rabolea  Cublques  et  Sag  Applicatlooa  aux  LlnieB  d'lu- 

fluenre  daos  Iffl  Poutrea  Continuea  •    Farid  Boulad.    1431  4>  TrimestTe,  1908. 
Note  9ur  I'ApproiiiaaUon  dea  Formulea  de  Flexion  dre  Arcs,*    H.  HeanaKer.    (43)  <• 

Trimeitre,  lOH. 
Bsi«<  A  Outrance  du  Pont  d'lvry.*    U.  Oonaldftre.    {43)  3«  Trlmeatre.  ICI09. 
Notlcn  Hur  un  Pout  CD  B^ton  .Arme.  SyxtiAme  Henneblque,  Construit  snr  I'Alsna,  A 

SolBEana.*    H.  Riband,    143  >  ^ '^'rimeetre.  1908. 
Note  Bur  la  ConstructloD  du  Vladuc  dea  Fadea  (Llgne  de  BainC-Bloy  A  Fauniat).'    M. 

Vlrard.    (43)  3«  Trlmestre,  IBCe. 
Ponta  Roulanta  &  Bascule,  Sygijme  Bchener:  Pont  de  BarUnK  (Angleterra).*    (33! 

Apr,  a, 
Ekclrlcal. 
Lloe  Effects  In  Lone-Dlatanca  Transmission  of  Power  by  Electricity.    Henry  Jamea 

^.._..__..  „__......    "  ■--*,  C.  E,    («3)  Vol,  155, 

irriustoo,    (60)  Mar. 

_.R,BlbblnB,    (4a)  Mar. 

Tbe  Conductivity  oF  the  Atmoaphere  at  High  ToIta«rS,*    Harris  J.  Ryan.    (4a)  Her. 
Enropeao  Practice  in  the  Construction  and  Operation  of  High-Preasu  re  Transmission 

lAnesand  Insulalors,*    Ouldo  Bemenza,    (43)  Har, 
NotesonFly-Wheelajfor  reciprocating  engines  direct  connected  to  alternators),    B.  H. 

Barnes,  Jr.    14s)  >lBr,  _, 

Distorted  Altemsrlns  and  Rotating  Magnetic  Fields.    R,  OoldBchmidt.    (a6)  Serial 

beglnnlnK  Apr,  e. 
The  New  Electricity  Worts  and  Tramways  of  West  Ham,*    <i6)  Apr.  B, 
The  Adaptability  ot  Electrical  Driving.    B.  Lungbottom.      (Abstract  of  paper  read 

w^- —  -».^.j 1. — ^ —  . .-w" ,  ,y  ^p(._  g.  (^y)  Apr.  IB, 


Stngle-Phase  Motors.*    (73;  IMrlal  begfnDlDe  Apr,  S, 

Notes  on  Impedance  Colls,*     C,  Faiaday  Proctor.    (Abstract  of  Paper  read  before 
thelnst.£,  E.>    <73l  Apr,  H, 


1,1    <731  Aprs. 

Desisrnol  Small  IlvDaniaB,*    J,  W.  Burleigh. 


Desisnol  Suiall  DyDamos,*    J,  W.  Burleigh.    (a6)  Apr.  8. 

Electric  Conduit  CoastructloD  at  Uemphis,  Tenn.*   F.  O,  Proutt,    (13)  Apr.  \i. 


o  Manor  ^ectriciv  Works.*    (a6)  Apr.  II 

kldy  Currents  In  Cable  Bhealbs!    H .  B,''Fleld,"  (Paprritad  b«dor 
Serial  be----'—  '—  " 


Small  Oas  Engines  v.  EieclTlc  Motors,    B,  E,  M,  Kenslt.    (Mt)  Apr.  IS, 
HlOiflorae-Powtff  Com^)OMd_E^ectric-Ught  EjiglnsB  to^  (in  Apr,  II 


„-nntng  Apr.  IS, 

Localisation  of  Faults  on  Low-Tension  Networks,    W,  E,  Oroves.    (AbstiBCtof  Psp«r 

r««d  before  the  Inst.  E,  E.)    (73)  Apr,  IB;  (16)  Serial  beginning  Apr.  8. 
Experlmratswltb  a  New  Primary  Cell,    Geo.  P.  Bousfleld,    (Paper  readbetoretlieFara- 

day8oc,>    (73J  Apr,  IS, 

t(3eaerBl  Dlagnun  tor  Alternators.    (73)  Apr.  IB. 
Long;;Bpan  TnuismiBsion  Line,*    B,  Wiley,    (h)  Apr.  tS. 
The  EfBdeiicy  Curree  ot  Constant-PoteDtlal   TKUtformers,    A.  E.  Kennelly.   (>7) 


b,  Google 


OUBRBNT  EKQINKBKIKO   L1TEBA.TUBB. 
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of   ContJ 


__,__Jd  Corporation  New  Electrtolty  Worka.'    (»*)  Apr.  SS. 

Dynanw  and  Motor  Testlnst.  C.  F,  Smltta.  lAbslract  oT  Paper  naa  before  the  Civ.  and 
Mech.  EMltwera- aoc.  I    (»«)  Serial  begtmUQg  Apr.  ffl. 

Tbroratlcai  Baata  for  the  ExpeHmetital  Pre-Determbiatlon  ot  the  Regulntkni  of  Alter- 
natoni,    Theo,  Torda-HBymann.  (73>  Apr.  IS. 

Methods  for  IncreaMof;  the  transtoltter  Energr  of  Wlrelera  TeleKrapb  Byitems.*  Fer- 
dinand Braun.    iTJl  Apr.  ES. 

NoteaoatheDealEnot  ElectrlcalMachlDery.  Loula  J.Hunt.AHOC.H.Inat.C.  E.  (Paper 
read  before  the  Liverpool  Enfc.  Boc.>  (4;)  Serial  begliulnK  Apr.  «8i  Abstract  (73) 
Apr.aa.  _ 

The  Atlanta  Water  £  Electric  Power  Compaujr'B  Plant  at  HorKBD-Fall*.*    <M)  Apr,  SB. 

TbeNewTeleidiODe  EzchaoKeof  Berila.*    Emlle  Ouariul.    (19)  Apr  D. 

nie  Honltaliar  OfubHraph.'    (19)  Apr,  W. 

EltctHcI>litributlon  to  Small  Uauufactories  at  Bant  Mortler,  Fiance.*    Fraoa  Koeter. 

Thenementan'Princlpleaof  Transtornier  DealKii.    ThomaB  Qraj.    (J7)  Belial  begin- 
ning Apr.  a. 
The  PreveDtlon  of  Cromee  between  Blffnalllng  and  Hifth  Voltagre  Clrculte,*    Howard  B. 

Knowlton.    (>?)    Apr.  89. 
ANewFuBb-ButtonVolimeterBwltoh.*    Charles  L.  FItcb.    (ajlApr.  ».  __ 

IDO-Ton  Double  TroUev  Allematlnf  Current  Crane.*    W,  W.  BriKgs.    <1T>  Apr.  SB, 
The  Meaeurement  of  Electrical  Conductivity."    J.  Rymer-Jones.    (.a*)  Serial  begin- 

Kleetric  Oovpnilngof  Steam  Turblnea.*  (From  the  Watrm  ElrcMdan  of  Chicago.) 
173)  Apr.  W. 

Poner  Station  Deelfm.*  C.  H,  Mera  and  Wm.  HcLellan.  (Abmract  of  Paper  road  be- 
fore the  Inst.  E.  E.)    (73)  Serial  betdnnlns  Apr.  Eft. 

The  Power  Plant  and  Electric  Railway  Owned  Ire  the  Htate  of  North  Dakota.*    (17) 
Apr.  80. 
lectrolyl— 
Charif 

The  Plant  of  the  Kansas  City  Himie  Telephone  Company.*   Max  Loeweathal.    (17) 

Apr.  30. 
The  Deiign  of  Induction  Motors  with  Examplee  from  Becent  European  Practice,    B.  H. 

Hobart.    (37)  Apr.  30. 
The  Braun  Tube  in  the  Study  ot  Altematlni  Currents,    (ar)  Apr.  SO. 
Conatmctlon  of  a  S-H.  P.  Direct-Current  Motor.*   F.  C.  Haaon.    (From  Amer.  EleetrC- 

cian.i    (47)  Apr,  30, 
A  Test  for  InducUon  Motor  Wlndinn.*    Q.  H.  Oarcelon.    (From  Site.  Club  Journal.} 

(471  Apr.  3a 
TaQalKima,  Teon.,  Water  and  Li^t  Plant.    Oranber;  Jackson.    <  60)  May. 
Borne  Electric  Fiiniap«  Proceesea,*   J.  Wngbt.    (la)  Hay, 
PnMnJcal  ApcUcatlatB  of  Electro-Magnets  In  the  Modern  Machine  Shop,  Iron  and  Steel 

Works  and  Bhipnrd.*   FrankcTl^us.    (41)  >Cay. 
Bnisrinienta  with  iiirea-Pbaae  Electric  Arcs.*    (46)  HayT. 
1  m-K.  W.  Alternator  for  St.  Louis.*    (17)  "■"' ' 
The  Snoqualmie  Falls  and  White  Blver  Pon 

Bectricityi'''- -"-  •    -■- " ■-  -  -—■ 

ACeavenJeL 

A-aKcAUIster,     ,„, . .. 

Cntral  Station  Eoonomy.    F.  H.  Davles.    (From  Hire.  Engr.)    {14)  derial  beginning 

Qectro-Aimauts  Iikduetrlela  k  Longue  Course  et  ft  Bftorta  Variables.*   K.  BArard.  (a>) 

■    Maurice  Boubrler.     (34 

r.*    C,  F,  OuJlbert. 

felephohe  sans  Ffl  au   Moyen  des  Piles  a  B^linlum.*    Alfred  Oradeowlu.    (36) 
lerial  beginning  Apr.  K. 

A  New  Japanese  Battleship,*    (la)  Apr.  8. 

Steam  Turbine  Propulsion  for  Marine  Purposes.*    A,  Bateau.    (Abstract  ot  Paper  read 

befne  the  Inst,  of  Naval  Arcbls.)    (lai  Apr.  8:  (ii)  Apr.  8. 
Engineering  In  the  Japanese  Navy.*   Hiyalwra.    (Paper  read  before  the  Japanese  Soc. 
_  otNanaATchta.)    (11)  Apr.  is. 
TlieNarnial  Presaares  on  Thin  Movbig  Plates.   A.W.Johns.    (Ahetract  o(  Paper  read 


Sar  lea  Dlaarranunea  de  Fonctionneinent  d'un  Altemateur.*    C,  F,  OuJlbert,     (36) 
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Marine-!  Con  tlnucd).  . 

A  Hsw iDTcntlan  tor  ReDderlDS  VomIb  Uiwliiliable*    Herbert  C.  Fyfe.    (lo)  Apr.  lO. 

Aatomatlc  OoiemlDB  of  Mulne  EDglDes.*    H.  U.  WUaon.    (Paper  reed  before  the 

Northawt  Co«W  Inst,  ot  Engra.  And  Shlpbulldo™.)    (47)  Apr.  18. 
Tbe  Tnuureree  StrenKih  of  Shipa.'    J.  Bnilm.    (Paper  read  before  tbe  luK.  of  Naval 

Archta.)    (II)  Apr.Xi. 
The  ManiiKeDient  of  BellavUle  Boilers  St  Bea.     E.  F.  Baker.    {F^Per  read  befo.'e  the 

North-eaw  Coatt  Inst,  of  Engrs.  and  Shlpbuildera. )    |ii)  Apr.  », 


The  llaniifw;tiire  of  Welded  Pipe.'    Victor  Beatner.     (58)  Jan. 

Tbe  DeLaral  Steam  Turbine.*    Charles  Oarriaon.    I7)  Mar. 

ASUadardUDltot  RefrlgenMlOD,    J.C,  Bertach.    (i«)  Har 

Tbe  Dae  of  PulTeiiied  Coal  for  F^el  under  Bleam  Bollera.*    J,  H.  Smnaej. 

Notes  oa  Burning  BltumwoUB  Ckial.    John  M.  Bartinan,    (a)  Apr. 

Kev  Steam  TurUne  DeielOpmentB.*    W.  L.  R.  Emmet,    (a)  Apr. 

Mechanical  RetrigeratloaotFrelsbC  Care*    Warreo  H.  Miller.    (S)  Apr. 

*' m  ChareliiK  Cranea.*    (»l  Apr.  I. 

1  Rish-^mei' '"-'—  " ■—  °— 

Nofee  on  t .^ _    

the  Inst.  E.E.)    <n)  Apr.  6, 
Defects  Id  Cast  Iron:  fhelrCaiueii  and  Remedies.    Herbert  E.  Field.      (Paper  read  bi 

.-_.  ...-  ^^^  Enetand  Foimdrrmeo'i  Assoc.  I  l4jl  Apr,  ft. 
__  ,t  MaohSory  ShafUng."  C.F.Blake.  (47)  Apr.  0. 
Clutches  OD  Automobiles,*    (47)  Berlsl  beolBnlng  Apr. ' 


rhe  DtMlKD  of  Mavhlner;  Shafting.* 
VrlctloD  Clutches  OD  Automobiles,*    (47)  Berlsl  be 
..._.._  ,    Rudolf  Berg.    (61) 


>e  Crandall  Mechanical  Lubricating  Systei 
Jgh  ^leed  Tool  Steels.  Wm.  Lodge.  ' ' 
,  HetalTradeeAHoc.)    Hsl  AvrTii. 


High  ^leed  Tool  Steels.    Wm.  Lodge.    (Abalract  of  Paper  rettd  before  the  National 


of  Paper  n 


Tbe  PraoUaa  Management  of  Btatlonarr  Steam  BoUen.*    K.  T.  Cooke,  M,  I.  Meeh. 

(i>)  Apr.  16. 
Liquid  Fuel  BDmers.*    J.  S.  V.  BEckford.    In)  Serial  beginning  Apr.  IG. 
The  Equipment  of  an  Engine  T«t-Houne.   K.  K,  Uoroom.  Asaoc.  M.  1.  E.  E.  <Paper  re 

before  the  Inst  E,  ET   (ij)  Apr.  IB;  In)  Apr,  8S;  (47)  Apr.  SS, 
The  Mechanical  Plant  of  tbeUlnneaota  Btate  (^plCol.*    (14)  Apr,  16. 
The  UUUsatioD  of  Blast  Furnace  Slag.*    E,  R.  Sutcllffe.    (Abe— ^-" 
WeBt  of  Scotland  Iron  and  Steel  bet,  |    (a: '    ' 

■  -      "       ~  «ine.*    (14)  Apr,  IB, 

el  Dleaoher.    t6i)  Apr,  SI, 
'-" -Tbeory. 


B.  and  the  Repulsion  Theory.    D.  B,  EHxon,    (6i)  Apr,  SI. 
'_  (ao)  Apr  Bl. 

»:  01(^111.*  |AbBtr«ct  of  Paper 


I,  L  E.  E.    (»i)'Apr 
■■■ I.ttGlfai 


d  beforetbeCoventir  Eng,  See,)    (aa)  Apr.  9>. 
Pow^  of  Steam  Englnee.    '— ' — '   ■"--'—     ' — ' 

English  Aluminium  Weld 

Chlmners.   Chae.  L.  Uuhbaid.    (47)  A,. 

TmSteamTDrblneaaanExbauBtStflamUUliier.     (14)  Apr.  K. 

^pe-CompoBlnK  and  IMatrlbutlng  Uachinee.*    (la)  Apr.  Se. 

Tbe  CooUng  of  Ezploeloi]  Motors  on  AutamobtleH,*     J.  Orouvelle  and  H.  Arquem- 

bouig.    (Paper  pieeented  to  Second  International  Automobile  Coug.)    (47)  Apr.  m. 
Bope  Transmission  tn  Textile  MlIU,    (14)  Apr,  SO;  (ao)  May  B, 
Engineering  Problemain  Tanneries,*    (141  Apr.  80, 
The  Fenimore  Sulphite  Mill.*    (14)  Apr.  BO. 

The  Inclined  Elevator  at  Weehawken.  Neir  Jersey,*    (14)  Apr,  M. 
Trials  of  Rock  Drills  for  Air  Consumption,    J,  B,  Carper,  E,  (3olTe.  and  W.  C,  Docharty, 

(68)  Serial  becdmilng  Apr,  10. 
Boiler  DeslgD  and  Boiler  EiplosionB,    B,  S  Hale,    (0)  BIsy, 
Hydraulic  CiBnea  and  Whan  Machinery ,*    l3eorge  H,  Baxter,    (9)  Hay, 
Fuel  Economy  In  Bteam  Plants.   John  B,  C,  Kershaw,    (10)  May, 
Paver  Plant  of  the  Tale  £TovDe  Manufacturing  Company.*   164)  Hay, 
T«tof  the  Englueaot  the  Rochester  Oaa  and  Electric  Company.*    (64)  May, 
HeirWeetlngfaoaseTarbbie,*    (UWaj. 

The  Care  and  Hanagement  of  Leather  Belts,*   Walter  E.  Dlzon.    (64)  Hay. 
Some  Causes  and  Remedies  for  Founding  In  Engines,*   W,  E.  Crane.    (64)  Hay. 
Indicator  Bprlng  Errors,   H.  Boyd  Brydon.    (64)  Hay. 
BetUne  Up  a  Tevtical  Engine.    John  F,  Kagle.    (64)  liby. 
Knldpte  Impaot  Bteam  Turhlne,*   A,  H.  Levin.    (64)  May, 
Lubricating  Oils  and  Their  Properties.*    Wm.  Davis,    (64)  Hay. 
°—lng^ke  Bnieie  with  Dmlerfeed  Stokers.   M.  E.  ^one.    (Paper  read  before  the 
'     ~     '..Jght  Assoc.)    4S4>  May  S, 

£eete  on  Hollow  Qratea.   C,  H.  Williams    (Paper  read  before  the  Ohio 


OuS&wLJght  Assoc.)  ~4s4VMayS, 

luming  Coke  £eete  on  Hollow  a 

OasUght  Assoc,)    O4)  Hay 
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A^Ne^^lMDlsbJpOTtl^uulCemcotWorlu^*    (13)  HftyS. 

HJanHotB  Ulnn  to  Pltuburg  Furaaoea.* 

)  Mays. 

,„,  JUyB. 

The  De  Bronwer  Hecbaulcal  Stoker.*    Iio)  May  T. 

The  effect  o(  Preonine  OD  the  De  LaraJ  Steam  TurtilDe.    (m)  Hay  T, 

Alcohol  tor  iDtamal  Comlnuttad  Eiudiice.    114)  MayT. 

Laying  Oaa  Mains  acrom  a  BlT«r.    S.  C.  HorrU.    {Abatraot  of  Paper  read  before  tbe 

Mich.  Qas.  AnoD.)    (14)  MayT. 
Deux  Apparella  Mouimui  pour  la  Heaure  de*  TtUonaMonB  Blaatlqaea.* 


Apparella  Mi 

(*3I  »  TrinwMn.  10 — 
e  TrUD  Aalomoblle  du  Coloael  Renard.*   A.  DebauTc. 


PoinpeCeiitriraxeiBBulePmeloD:Syst«DiedalATal.*  K.Saa&owsltl. 
Ktude  sur  la  Moulare  Mteaulqae,*  P.  Araurfeu.  iij)  " — '-' ' — " — ' — * 
Construction  dee  HMIceaTraiinorteaaee.*    (34)  Apr. 


louiue  Mteaulqae,*    P.  Araurfeu.    (J7t  Serial  beglnnliis  May  SI. 

deaHMIceaTraiieporteaaee.*    (34)  Apr. 

OteAratenr  de  Vapeiu  &  Tubas  d'Eau,  avec  8iircbauffeur  de  Vapenr.   Q.  Ballly-Mactiot. 


itrlEutlondeTapeur&aoupapeaet  tMcllc;  Syetdnie ProeU.    (34)  Apr. 

Ia  MtmuteotlOD  Htauilque  aana  I'AteUer  de  DlMlUadoD  d'une  Qdue  k  Ot 

Thlbeaolt.    133)  Serial  beglunlng  Apr.  lA. 
Pulsaanoe  AbaorMe  pour  le  Pergace  dee  HAIaui.    (331  Apr,  R3. 
L'Etlrage  &  C^lladrea  KUrenn  UMea  a  Cylindrea  de  PreaeloD  Oamls  de  Drap  et  Culr, 

Cononaiulfls  par  Pignoni  Tohb  sot  lee  Aiee  de  Cea  Cyllnd —  ''  -— ■—  -*-  "  --- 

'Weela.*    A.  J.  Bnul.    (361  Apr,  X. 


fitude  sur  la  Hotocydette.*    B.  de  OrsfflKiiy.    <36)  Serial  bwlnnliig  Apr.  X. 

Etude  «ur  Isa  Embniyazea  Appliques  a  rAulomobllisme  et  sur  les  ^pe>  Kouyeaux  Ex- 

poeee  au  Baion  de  liU.    C,  ADdr«.    (36)  Serial  begiiiDliig  Apr,  A, 
MctallnrEkal. 

The  AppllcaUoDs  of  Eleclrlalw  to  Metallurgy,    Joseph  W.  Richards,    (;)  Her. 
Slock  IHsOibuilon  and  Its  RelatloD  to  the  Life  of  a  Blast  Funwoe  Llnlntr.*    David 

Baker,    (ajj  Apr.  B, 
Fan  Power  for  the  Cupola,    Thoe.  D.  West    (Paper  read  before  thePitteburg  Foundry- 

TheCalculatioDot  the  VolueofUteBairHatertal  In  Pig  Iron  Making.  A.F.Oalues.  (40) 

flltsr  Presslnfc  Id  Veotera  Australia,*    W.  A,  Piicbard.    (t&)  Apr.  14. 

The  Relation  of  Microetnicture  to  the  Rate  ot  Cooling.*    W.  Campbell.    (Lecture  to  the 


Plill.  PoundrymeD's  Assoc.)    (ao,  ..-. .  ... 
Magnetic  Ore  DtwlnK  od  the  Wetheiill  System.*    Belnrich  Ostireld.    (Tr.  from  Betg- 

und  iNtfeitnann&As  Zrilung.)    l63!_SerlaJ  beklnnltia:  Apr.  18, 
BUmeTreatmenttntheJi^illnReilon,*    'W.R.Crane,    I16I  Apr.  18, 
ZlDC  fu  the  Blast  Pumaoe.   John  3.  Porter,    ($3)  Apr.  H. 
Tbe  flendryz  Cyanide  Prooeee.*   C.  H.  Faaaett.    (16)  UayG. 
8c«reKatloD  and  DUruston  In  Bteel.    B.  F.  Weetou.    (611  HayG. 
Furnace  Top  ElzploalaiiB.    Frank  C.  Roberts.    (>e)Hay(i. 
Nnragen  fn  Iron  and  Steel.*   Ernst  A.  BJCstedt.    (30)  Hayfi. 
BlectTOlytle  Iran.    C.  F.  Buiiten  and  Carl  Bambuechen.    ( lo)  May  T. 
l,a  Cementation  des  Acters  au  Carboueftdes  Aclers  Bptdaux.*   L«on  Oulllet.    (31) 

Feb. 
Caloul  dee  Lltade  Fusion  dee  HautB  Fourueaux  par  la  HSthode  de  Plats.    (33) 'Apr.  S. 

Mllttary- 

Hlgti-'Veloclty  ft^lnch  Wire- Wound  Onn  for  the  United  Stales  Army.*    (44)  Hay  T. 

Mini  OK- 

Eaeotric  Installation  at  the  Noel-Bart'Cnlpart  Colllerlee.  Belgium,*    (is)  Apr.  B. 

Stnkink  a  Shaft  4,M9  Feet  Deep.*    (»>  Apr.  B. 

Electric  Winding  E^ugluee.*    SEaiirlce  (}ewgl,    (Paper  read  before  the  Inst,  E,  E.)    (47) 

•)  Apr,  14. 

...   _  ..opreesors.    _    

it  the  WltniemaDd.)    (47)  Apr.  16;  Abstract  (t6)  Api 

. .  jDdIng  EDglni>s.    (j>)  Apr.  IB. 

Electric  Power  AppUed  to  Winding:  in  Main  Shatla.*    W.  C.  Mountain.    (Abstract 
Paperreadbetore  the  lust,  ot  HID.  Enare.)    (68)  Apr.  IB. 


Air  Compreeeors.    E.  (JoSe.    (Paper  read  before  the  Uech.  EnKlneers' 

M WltVBiemaDd.)    (47)  Af"  "■  "•"' "•"   *—  ~-  '—  """  "■ 

Electric  Winding  EDglni>s.    (j>)  Apr.  IB. 
—  -  —TTA^ffiid^ to  Winding  in  Ha 

CocomoUve.*''Fraiik  C.  Perkins.    (19)  Serial 


bsdniiiDg  Apr.  38. 
Mime  Eauit«e  Sntems.   T.  Q.  Altman.    (41)  Hay. 

CoaIs  and  Coal-HlDlDg  Methods  of  the  Pocahontaa  Field.*   Geo.  L.  Fowler.    (9)  Hay. 
WatarHolstteclBBteadotPumpli^.*   R.  V.  Norrls.    (la)  Hay. 
The  Ernest  Haut  ot  the  JetCerson  ft  Clearfleld  Coal  £  IroD  Co.,  at  Ernest,  Indian 

OomitT,  Pamaylyanla.*   Q.  W.  flarrls.    (43)  Hay. 
Oflsee  In  lletalllterona  Mines.    Harry  A.  Lee.    (Abstract.)    (41)  Hay, 


b/GoogIc 


b,  Google 
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.□  tbe  Wltwatennuiil  MIn»>     T,  Lone  C>rMr, 


Od  tlut  Distribution  of  M«au  and  Extreme  Annual  RalnWl  oTer  the  Britiali  lales. 
HugbRobertMDL    i         -  -     - 


ugLDPeringCbanrlerlillcaorSt.  Louls-U.  B.  A.*    <I3)  aeiial  beslniilug  Apr.  B). 
i<n>  idrifFaObaervMor]',*    iiij  Serial b^lDDlu:  Apr.  E0. 
A  Radial  Area-Scale*    R.  W,  K.  Ednsnia.    (Paiier  read  beTora  tbe  Roral  8oc.)    (68) 

The  A'i'ldtag  of  a  World's  Fair."    (14)  May  7. 

MBDiclpal. 

Automobile  Fire  EnfTlDH*    Emlle  OuarfoL    li9)Aiir.  IB. 

Speclflcatlona  for  Asphalt  PavemenU.    |6o)  Hay. 

Rallnwd. 

Cofqier  IjOComottTe-BoUer  Tub(^.    Frauds  William  Webb,    it} 

Tbe  LackawamiB  and  Wyoming  Valley  Railroad.*    George  B 

before  the  Boston  Soc.  of  Civ.  Eo^re. )    ( 1 )  Uar, 
Steel  In  Car  CoDMmctlon.    C.  A.  b«l^.    161)  Har,  IB. 
Eteht-CoupM  Tank  LocomotlTe  tor  New  South  Wales.*    (11)  Apr.  a. 
Rdntorced  CoocrMe  Boot  for  a  Locomotive  Roundhouse.  Long  Island  R.  (C.*    (13} 

Pra^ice  In  BeEstablfshinc  and  HoDumeoting  a  Bailway  Center  Ltoe.    Albert  I.  Frye, 

U.  Am.  Boc.  C.  E.    (13)  Apr.  14. 
Heavy    Tank    Englnee    wllb   Three    Cylinders,  Berlin    HetropoUtaD  Railway.*    (la) 

ObUqueTypeCmnkAzlea.*    (1*)  Apr.  IB. 

Smoke-Box  ActioD.    R.  Weatherbum.    (13)  Apr.  It. 

Tbe  Falrrlew  Yard,  Northern  Central  and  P.  R.  K.*    (ig)  Apr.  16. 

I>eTelorau«ita  In  Heavy  Electric  Traction.    C.  L.  de  Huralt.    (ig)  Apr,  IB. 

Tbe  Schenectady  ImproTemeats  or  the  Ne«t  York  Central,*    (is)  Apr.  IB. 

Eight  Coupled  Frelgbt  Locomotive:  LancaaWreA  Y--'-"'-'—      "—   ■"  ' 

Looomotlve  Injector  TiDUblea  and  Repairs.*    Fred. 

Hew  Shops  ot  the  Terminal  Railroad  Assoctatlon  of 

Michigan  Central  PadflD  Type  Locomotive.*    |i8!  Apr.  IS. 
The  Houthem  Hlaaourl  Ralliiay.*    Charles  A.  8heppard.    (14)  Apr.  IS, 
bperleDcawlthHkyllght  Constmotlon for  Railway  Train  BhedB.    (13)  Apr.  SI. 
lannartlre  and  TorksKlre  Rallm  "   "-■---' — — '-■>   ■--"> 


Lancashire  &  Yorkshire.     |IS)  Apr.' 

-epalrs.*    Fred.  H.  Colvin,     (47J  Apr.  lo. 

Railroad  Association  ot  St.  Louis,*    (iB)Apr,IB. 


lannartlre  and  Yorkshire  Railway;  Bolton  New  station.*    (>6)  Apr.  SS. 

Electric  InterlocklnK  at  the  New  Central  Station  In  Antwerp,*    L.  Welssenbmch.    (40) 

Serial  beginning  Apr.  m. 
Petrol  Electric  Coach  on  tbe  N.E.R,*    (13)  Apr,  S;  {11)  Apr,  n, 
AD-Electrlc  Interlocking  at  Park  Jun~"—*    '■-'    '—  '- 


WestlngbouBe  No.  86 Railway  Motor*    (17)  Apr,  SB, 

A  New  System  of  Current  Collecting  tar  Heavy  Electric  Traction  Lines.*     Henri 

Somach,    (ty)  Apr.  18. 
Driving  a  Test  IMle  for  the  Hudson  River  Tunnel.*    (46I  Apr.  m. 

"^  ^^       - als.*    (131  Apr. -^ 

Their  Llteratui 
(13)  Apr,  as. 
ler.*    (JO)  Apr 


TnikConstructton  wlS'steel  LongituditiaTs.*    ( 13V  Apr.  ._. 

■^-'-  Literature  and  Their  ProbableFuti 


iCompound.*    i4o)  Apr.  CD. 
chigan  Central  *    <is)  Apr.  M. 
y.    (IB)  Apr.SB. 
J)  Apr,  80- 

lols  Central  Railroad.*    (i7)Apr.80. 

Inal  Railroad  Association  of  St.  Louis.*    (18) 

■r.    (3«>  May. 
F.  By.*    (3('  May, 
way*    (39)  May. 

id  and   Rolled  Solid  Steel  Railway  Wheels. 

E.    (31  May. 

ps.*    Joseph  Homer.    (10)  Hair 

omotive:  New  York  Central  &  Hudson  River 

HalletCompound  Locomotive :  Baltimore  A 

ve :  AbihliOD,  Topeka  ft  Santa  Vi  Railway 
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Elgbl-Coupled  SirltchinK  Luc 

Nodern  Hetbods  of  Handlta 

CbarleeH.  Wrlgbt,  U.  Am.  Soc.  C.  E.    (13)  MovS. 
Trsik  Elevation  orihe  Penntylmnl*  Id  Newwk.  1<  J.'    <iBl  »l*y8. 
rour-CyllDdFr   Sabuiced  Campound   Locomotive  tot  the  New  York  Central,*     (18) 

A  New  Electric  RaUwav  In  Aleundiio,  ERn>t-*    d?)  Haf  T. 

Tli»  New  Mount  Vesuvius  Eleeirlo  Hallway  *   I  ij>  Hay  J. 

BitaiMonof  ttae  Bctieiiectady  Railway  Syileni.*    Altou  D.  Adami.    it?)  UayT. 

The  Key  Roula  Electric  Eailway  Power  Piaot  Oaltland,  Cal.    (14)  Mayt. 

A  Tndley  Lineup  Mount  VeauVtui.*    |H)  May  T. 

Block  aiRnal  Byaiem.    (17)  May  7. 

LaNaDTelleLocomoUTe&GrandeVlteHedoNarthEaatamRallway.*    R,  Bopnln.   U6) 

Note  nir  lea  WagODH-Tombemui  de  SO  Tonnee  de  la  ComiMenle  du  Midi  Conatrults  en 
Gmbouttod'AclerparleeKorReBdeDoual.*    H.  Hoffrp,    1381  Apr. 

Hole  sur  lea  Noureauz  A(«llera  de  la  ijoclfiti  li'ranoalae  de  Conatruotlona  Hteaniquea  ll 
Denaln.'    (381  Apr. 

NODTella  Volturea  Automobilea  k  Vapeiir  pour  VolM  Ferries.*     F.  BarUer.    (33) 

LeaCbemiasdeFer  ft  Traction  Blecirique  dana  la  Haiite-Italle*    (33)  Apr  10. 

Lee  R«cenu  Wagooe  <le  SO  Tonoes  Constr.UtB  par  lea  Forges  de  Doual.'    (36)  Apr.  SS. 

Rillraad,  Streat. 

The.NfwEleGtiicity  Works  and  Tramways  of  West  Bam.*    oA)  Apr.  8. 

RebulidtngO.  B.-IV71'l«ldCollsatS(.  Loula.*    (17)  Apr.  IB. 

ACoDduIt  Electric  Railway  in  London.  Ensland.*    113)  Apr.  SI. 

Dlaposalof  City  Aehee  a*  an  Adjunct  ot  Streel  Railway  BusincFS  In  Brcmklyn.*    Iiy) 


ipr. «.. 
Sew  Weatlnghouee  Rallwaj  Motor.*    (ay)  Apr.  i». 

Compresslntc  Stations  for  Storage  Air  Brakea  at  Ht.  I ..,,  ^, 

Tbe  Continuous. Current  ByHtem  and  tbe  Sin^e-Ptaase  System  for  Tractian. 

"'"' — "       -'1}  Serial  beginning  A —  "" 


''J)  *Pr-2- 


— ocheeter  Corporation  Tratnways.    J.M.McElroy.  (AbstractotPaperread  before  the 

but.  E.  E.I     173)  Apr.  ro. 
A  ReBenerati'e  System  of  Tramcar  Control.*    <73)  Apr.  KB. 
The  Sew  Parkville  Concreie  Sub-Station  of  the  Brooklyn  Bapld Transit  Company.*  {ij> 

Conslruitlon  Details  of  Toronto  Convertible  Car.*    (17)  Hay  T. 

Some  of  tbe  Electric  Railway  Featum  at  the  World's  Fair.  St.  Loula.'    Winder  idweU 
Goldsborougb.    (17)  stayT. 

Plumbing  Id  the  W.  T.  Bmltb  Manual  Tralnbig  School,  Scranton,  Fa.'  470)  Serial  begin 

Radiation  or  Pipe  Surtaoe.    Walter  Jones.    (Paper  read  before  the  Inst,  of  Beat,  and 

Vent,  Engrs.1    170I  Apr. 
Heating  Paper  Hills.    (701  Apr. 
ISneualona  of  Brooklyn  Sewerage  Syslem;  Avenue  Q,  Trunk  Sewer,*    (14)  Serial  be- 

The  CDntrol  at  Humidity  by  Means  of  tbe  Eumldoslat.*    W,  S.  Jobnaon,  H,  Am.  Soc 

M,E.    iij.  Apr.91, 
Dtipoaal  of  City  Aahes  aa  an  Adjunct  of  Street  BoUway  Bustnea  In  Brooklyn.*    (t7> 

Sevage  Disposal  Works  and  Experbnenis  at  Andover,  Mass,*  04^  Apr.U. 
Notes  on  the  Sewerage  SyBtem  of  Worcester.  MassachusetU,*  114)  Apr,  S3, 
Eitenslonsor  Brooklyn  Sewerage  System;  Ninety-second  street  Trunk  bewer.*    (i^} 

Serial  beginning  Apr,  M), 
Progreas  «t  Construction  ut  the  New  Orleans  Drainage  System,    <I4)  Apr.  SO, 
The  Cleaning  and  Flusnliw  olSewers,    114I  Apr  Ml, 
Fariugton,£uu,,  Sewage  thspoeal  Works.    William  Naylor.    (60)  Hay, 
L'HumiJlflcaUon  et  la  Ventilation  dea  Ateliers  dans  I'lndustrie  Textile.*    Paul  Baious. 

133)  Serial  beginning  Apr,  10. 
Stmctaral. 
TeniUeTestaofMlld  Steel;  and  the  Relation  of  Ehjuntion  to  the  Size  ot  the  Teat-Bar, 

tVilllamCawthomeOnwhi,  M,  Inn,  C.  E.    (631  Vol.  IW, 
Analysis  of  Red  and  BUckPalnta.    Chas.  Q.  Snyder,    lag)  Jan, 
The  seconstmctloa  of  Foundations  for  tbe  Hotel  Wollaion,  Brookllne,  Mass.*    Dana  M. 

Pratt.    {Paper  reed  before  tbe  Boston  Soc,  of  Civ.  tngrs,)    i,i|  Mar. 
—   ea:  A  Topical  DlBOUsslon.    (il  Apr 

B  Many  New  Uses  and  Incrraahig  Demand  for  Plastic  Materials. 


Pratt.    {Paper  reed  before  tbe  Boston  Soc,  of  Civ.  tngi 
ConflagntkiDSlD  Cities:  A  Topical  Discussion,    it)  Apr 
Tbe  CeiDent  Age:  Tbe  Many  New  Uses  and  IncrraalnB  Det 

K,  W,  LMlfe.    {3}  Apr, 
Ceocrete:  Ita  propertes  and  Applications  :  A  Topical  Discussion.    <i)  Api 


aent  Age:  Tbi. 

K,  W,  LMlfe.    {3}  Apr, 
.eocrete:  Ita  propertes  and  «!■, ■. . .  <> 1 •... - ,-,  — j... 

ReintorcedOoiK3-ete  in  Building  ConstfuctioD,*   Emile  O.  Perrot,    (ai  Apr. 
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r  &  LocomoUre  Roimdhouae.  Long  Isluiil  R.  R.'    113) 
le  Weight  ot  Crowds.    L.  J.  JohnBoii.  Ahoc.  M.  Am.  Soc.  C.  E. 


1 13)  Apr.  .  _. 

leCommenta  on  Building  Laws.  Ounrsld  Aua,  M.  Am.  Soo.  C.  E.  (13)  Apr.  1*. 
— J  Extension  ot  tbe  Imperial  HoCol,  Neir  York.*  (14)  UeiiftI  begtunliic  Apr.  Ifl. 
Testa  ot  Sand- Lime  and  Band -Cement  Brick  and  Concrete  Bulldlns  BlocEe.    A.  HarHlon. 


The  PslUc;  of  tbe  Teata  OrdlnuJIy  Applied  to  Partlaud  Cei: 
(Paper  read  before  the  Amer.  Cbem.  soc.  I    (ij)  Apr,  SI. 

IxHm  and  Clay  [n  Sand  tor  Concrete.    O.  J.  arleaenauer.    (i3}Apr.)l8. 

The  Construcllon  of  the  Times  Building,  New    York   Oty."    (n)  Serial   begiiiniog 
Apr.  BO. 

SppclBcaiionB  for  Cement.    <6o)  Uaj-. 

Tte  Budding  Ota  World's  fair.'    114)  Stay  7. 

Concrete  Pjfes  for  Building  Foundations.'    (14)  May  7.  - 

Ud  TrscA  O^m^triqueftee  I'arabnIeBCublquesetSes  AppllcatiimBaui  Lignee  d'lnflu- 
encp  dans  les  Poutrw  Contluuea.*    FaridBoulad.    (431  i'  Trimeetre.  IMS. 

Sur  la  Fleiion  des  Poutres  Rectaagulalrea.    M.  Klamsnt,    (43)  4»  Trimeetre,  ITOg. 

RtudePhTxiquedes  Moterlaui  de  Construction.    P.   Halette.    (j«)  Berlal  beginning 

Apr.  as. 

Water  Sapply. 

Pumps  and  Pumping  Uacblnery.'    O.  A.  F.  AUbdrg.  (58I  Jan. 

Water  Main  Tapping  Machine,*    ( » ■  Apr.  8. 

Tbe  Cylindrical  Ho*able  Dams  at  Schnfrinfurt.  Germany.'    A.  St«eiis.    (461  Apr.  Ifl, 

The  Weston  Aqueduct  Pipe  Arch  over  the  Sudbury  Hirer,  Hassacbusetis.*    (141  .»pr. 

Development  ot  an  Undarground  Water  Supply  for  Penzance,  England,    (14)  Apr.  J«. 
EarthworliaithflWashiniiion  Filtration  Works.*    K.  D,  Haf^y.    114)  Apr.  19. 

rome  Park  Reservoir,  New  York  City.*    (14)  Apr.  «». 

„ ^ ..  ~._.  ..  ,. ^alla.*    I14)  Apr  "" 


FUter  Plant 


Electric  Power  Company's  Plant  at  Morgaa  Falls.'    I14)  Apr.  SB. 
r  tmprovements  (or  the  Water  Supply  ot  Danville,  III.'    (13) 


udiesot  Color  In  Water;   .Metropolitan  Water  Supply,  Mossachut 

Hopson.    (n)  Apr  "" 
nder^round  Waters 
unflcatlon  ot  Fotabli 


.Adjacent  to  Surface  Streams.*    C.O.Kubbel.    <i3)  Apr.  1%. 
le  Water  by  Means  ot  Ozone.*    Qg.  ErlwelD.    IPoper  read  b<>tore 
von  Oas-uad  WasBertachraaenDerD.)    (19)  Serial  beglnniog 


Purification  of  Bollnr  Water.*    USi  Hay, 

The  Raising  of  Water  bv  Compreuied  Air.    (6a|  Hay. 

Some  Eiamplea  of  Bleotrolysls  of  Pipe*,*    I60)  May. 

Tbe  L'seanifAbuaeof  Direct  Acting  Btsam  Pumps.*    W.  H.  WakemaD.    (64)  May. 

Progress  Report  on  the  CpotOD  River  Worts  for  Hew  York  City's  Water  Supply.* 

Apparell  pour  le  Jaugedge  ties  ConduIt«sd'Eau  en  Service.*   J.'FeugSres.    (34)  Apr. 

Electric  Canal  Haulage  Devices.*    (iS)  Apr.  16. 

Combinal  Ion  Hydraulic  and  Dipper  Dredm  for  the . Mexican  Government.*  (13)  Apr.BI. 

Method  ot  Computing  Dally  and  Monthly  Discharge  of  Streams  with  Sandy,  Changeable 

Bed.*    E,  cTMurphy,  H.  Am.Soc,  C.E.    (13)  Apr,  SI. 
Notea  on  the  Flood  of  March,  1904,  in  tbe  Lower  Busquehanns  River,*    John  C.  Hoyt 

Odd  Robert  H,  Anderson.    113)  Apr.  £8. 
L'Allmentallondu  Canal  du  Danube  a  I'Oder.*    '3j)  Apr.  Ifl. 
Port  de  Marseille :  Travaux  de  Construction  du  Bassln  de  la  PinMe.*    Bal«rd-Razeli«re. 

(43)  4*  Tnuieatre,  IMS. 
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METHOD 

USED  BY  THE  RAILROAD  COMMISSION, 

OF  TEXAS,  UNDER  THE  STOCK 

AND  BOND  LAW. 

IN 

VALUING  RAILROAD    PROPERTIES. 

Bt  B.  a.  Thomfsom,  Absoc.  M.  Am.  Soc  C.  K 
To  BB  Prehentkd  Febbcast  3d,  1904. 


The  issuance  of  all  kinde  of  railroad  eecarities  in  Texas  is  regulated 
bj  the  Railroad  Stock  and  Bond  Law,  and  the  execntion  of  its  pro- 
visions is  nnder  the  jarisdiction  of  the  Bailroad  CommiasioD.  In  Uii« 
matter,  Texas  is  the  pioneer  of  the  States  of  the  Union,  no  other  StMe, 
vithin  the  knowledge  of  the  writer,  having  legislated  upon  tbesnhject 
to  the  extent  of  having  prescribed  a  fixed  basis  of  value  beyond  which 
the  railroads  cannot  increatie  the  indebtedness  to  be  secured  by  mort- 
gage or  lien  upon  their  property.  The  law  of  Texas,  in  addition  to 
controlling  and  regulating  absolutely  the  issuance  and  execution  of  all 
stocks  and  bonds  of  railroads,  defines  the  method  which  must  be  used 
by  the  Bailroad  Commission  in  arriving  at  the  proper  valne  of  the 
properties,  which  shall  serve  as  the  basis  for  such  issuance. 

Non.— Tliwe  papers  are  laaued  beton 
ComepoDilenoe  ta  invttad  from  those  wh< 
B«il  by  mail  to  tbe  Becretaiy.    '" 


b,GoogIc 


Pspera.)  TALUA.TIOK  OF  RAILBOAD  PBOPSBTIES.  3 

The  Texas  Bailrosd  Stock  ftQd  Bond  Law  was  enacted  in  1893,  to 
snpplement  and  strengthen  the  general  Bailroad  ComniiBsion  Aot, 
passed  b^  the  State  LegisUtnre  in  1691,  vhicb  placed  In  the  hands  of 
a  Conunission,  among  other  things,  the  entire  control  over,  and  regnla- 
tion  of,  all  freight  rates  and  tariffB.  The  uecesaitj  fora  law,  limiting,  on 
Bome  reasonable  basis,  the  capitalization  of  the  railroads,  and  operating 
in  connection  with  the  control  of  freight  charges,  was  obvions  after 
Bome  certain  judgments  which  had  been  handed  down  ehortlj  before 
hj  the  United  States  Federal  Courts.  These  decisions  held,  in  effect, 
that  anj  State  tribnnal  affecting  to  control  and  regulate  the  charges  on 
railroads  for  freight  transported  within  the  State,  mnst  permit  the 
railroads  to  earn,  in  addition  to  the  current  expenses  of  maintenance 
and  operation,  the  interest  on  their  outstanding  bonds  and  a  fair 
dividend  on  their  stock.  It  was  considered  that  if  the  Commission 
elected  to  regnlate  freight  charges  was  to  be  effective,  it  must  have 
■npervisioii  and  control  over  the  issuance  of  stock  and  bonded 
seonrities,  otherwise,  by  "watering  "and  other  popular  methods  in 
vogae,  the  railroads  conld  make  their  indebtedness  as  high  as  thej 
ohose,  thereby  preventing,  in  accordance  with  the  decisions  of  the 
Courts,  any  reduction  in  rates  that  the  Commission  might  consider 
reasonable. 

Another  reason  for  the  enactment  of  the  Stock  and  Bond  Law  was 
that  the  railroad  secnrities  of  the  State  might  have  a  real  and  substan- 
tial value,  and  that  innocent  purchasers  might  be  protected.  This 
feature  of  the  law  has  been  stated  admirably  by  the  Hon.  John  H. 
Beagan,  ex-Chairman  of  the  Railroad  Commission  of  Texas,  in  the 
Second  Annual  Report  of  the  Commission  (1893).     He  says  : 

"  This  law  will  prevent  the  unlawful  and  fraudulent  issue  of  stocks 
and  bonds  of  railroad  companies  in  the  future  in  this  State,  and  pro- 
tect the  people  from  the  exactions  necessary  to  satisfy  them.  It  will 
protect  the  purchasers  of  such  securities  from  being  imposed  on  by 
them,  and  it  will  secure,  to  the  companies  who  may  hereafter  build 
railroads,  a  real  value  to  their  property  and  securities,  instead  of  a 
merely  speculative  and  flnctnating  value." 

The  Stock  and  Bond  Ijaw, 

The  Railroad  Stock  and  Bond  Law,  as  published  under  Title  XCIV,  ' 
Chapter  14,  Revised  Statutes  of  Teias,  1895,  declares  : 

"Article  4581  a. —Among  other  things,  the  power  and  authority  of 
isBuing  or  exeonting  bonds,  or  other  evidences  of  debt,  and  all  kinds  of 
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Btook  and  eharee  thereof,  and  the  execution  of  all  lieoe  and  mortgRgi 
b;  railroad  corporations  in  this  Htate,   are  snecial  oriviieiieB  ai 
franuhiBee,  the  right  of  snperriBion,  regalatioQ, 
of  which  has  alwaje  been,  is  now,  and  shall  co 
the  Stjite  Government,  to  be  exercised  accord' 
this  and  other  laws. 

"  Article  4584  b. — Hereafter  no  bonds  or  ot 
be  iacreased  or  issued  or  executed  bv  any  aui 
secured  bj  lien  or  mortgage  on  any  railroad  or 
franchisee  or  property  appurtenaut  or  belongin 
the  reasonable  value  of  said  railroad  property 
of  emergency,  on  conclnsive  proof  shown  b 
Railroad  Commisaion,  that  public  interests  or 
property  demand  it,  the  said  Oommission  may 
gether  with  the  stock  in  the  aggregate,  to  be 
not  more  than  fifty  per  cent,  over  the  value  of 

It  farther  pro'vides,  with  regard  to  the  rai 
in  operation  at  the  time  of  the  passage  of  the  1 

"  Article  45H4  c— It  shall  be  the  duty  of  tl 
to  ascertain  and  in  writing  report  to  the  Secre 
of  each  railroad  in  this  State  inclnding  all  its  f  ri 
and  propierty.  After  it  shall  Lave  prepared  s 
Commission  shall  give  the  company  interested 
ing,  by  registered  letter  to  the  president,  Ireas 
railroad,  to  the  effect  that  said  report  is  ready 
it  have  any  objections  thereto  it  must  file  t 
forty  days  after  aaid  service,  or  the  same  will  I 
Secretary  ot  State  as  correct.  Should  the 
authorized  representative  tile  with  said  Commi 
said  report  ot  value,  the  Commission  shall  dt 
on  the  same.  Un  investigation,  if  the  Commi 
report  of  value  is  too  low  or  too  high,  then  it  t 
correction  before  filing  it.  Should  no  objecti 
time  permitted,  or  being  filed  and  on  exan: 
merit,  the  Commission  shall  forthwith  file  its 
of  the  Secretary  of  State,  where  it  shall  remai 
a  Umitatiou  for  the  issuance  of  indebtednes 
prescribed  in  Article  4581  b.  To  promote  pub 
private  rights,  the  Commission,  after  dne  notii 
prescribed,  may  correct  its  report  of  value  of  i 
it  may  deem  proper." 

With  respect  to  railroads  constructed  afl 
law,  or  existing  at  that  time,  but  against  whicl 
not  outstanding  in  excess  of  their  value,  the  l 
the  method  of  procedure  to  be  had  in  mak 
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tocka  And  bondB,  and  detinee  the  basis  on  wbicb  the  Rail- 
isioQ  moat  make  its  valuations: 

y  f. — Shonld  any  compaDj  or  corporation,  authorized  to 
rn  or  operate  a  railroad  in  this  State,  desire  to  issue 
er  indebtedness,  to  be  secnred  by  lien  or  other  mortgage 
ise  and  property,  in  advance  of  the  completion  of  the  said 
dall  make  application  to  and  first  procure  the  consent  of 
Commission  thereto.  In  said  application  it  shall  exhibit 
lission  its  contract  vith  the  constraction  company,  if  it 
e  profile  of  its  completed  road  or  part  of  road,  the  evi- 

right  of  way,  depot  grounds,  terminal  facilities;  the 
tlue  of  vorh  done  or  in  process  of  completioo ;  the  amount 
received;  the  amount  of  stock  subncribed  and  the  amount 
all  other  necessary  facts  showing  the  valne  of  the  fran- 
'operty  proposed  as  security  for  haid  contemplated  debts, 
gation,  the  Commission  is  satisfied  that  the  company  is 
■d  faith,  and  that  its  contract  with  the  conatruction  com- 
nable  and  fair  to  the  pnblic,  then  it  shall  authorize  the 
said  indebtedness  and  lien  to  the  extent  necessary  for  the 
he  work,  at  DO  time  to  be  more  than  fifty  per  cent,  over  the 
whole  property  and  franchises." 

lority  has  been  obtained  from  the  Commission  to  issue 
onda  upon  a  railroad,  and  the  same  or  any  portion  of  it 
ipleted.  Articles  4684  h  and  i5M  i  of  the  Statute,  which 
ssaiy  to  quote  here,  prescribe  the  method  of  procedure 
tocks  and  bonds  registered  in  the  ofiBce  of  the  Secretary 

is  only  aft«r  such  regialration  that  the  seoarities  become 
ation  against  the  property  which  ia  mortgaged.  Stocks 
■e  approved  and  anthorized  to  be  registered  by  the  Com- 
upon  and  to  the  actual  value  of  the  completed  railroad, 
s  determined  by  inspection. 

F    RaILBOADS   ExiOTtNO    AT  THE    TiME    OF   THE   PaBBAOE    OF 

THB  Law. 
ance  with  the  reqairementa  of  Article  1584  c,  of  the  Stock 
>w,  it  became  the  duty  of  the  Railroad  Commission  to 
Iroads  of  the  State  then  existing,  and  to  report  their  values 
ary  of  State.  The  basis  for  valnation  is  practically  out- 
icle  4681c,  and  iras  interpreted  by  the  Commiaaion  to 
(imated  coat  of  duplicating  or  reproducing  the  properties 
)f  valnation,  allowing  current  market  prices  for  labor. 
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6  VALUATION  OF  BAILHOAD  PBOFEBTIBB.  [Pape 

materials  and  aqnipment,  and  a  fair  value  for  all  rif(l>t  of  waj,  dep 
groande  and  other  real  estate  used  for  railroad  purpoeeB. 

The  engineers  of  the  Commission  employed  to  make  these  Tali 
tioDB  had  fur  their  gnidance  in  making  estimates  of  qnantitiee 
grading,  etc.,  only  the  profiles  of  the  railroads,  which  were  reqnir 
to  be  filed  with  the  State  under  a  previous  statute.  The  railroads 
that  time  were  not  favorably  disposed  toward  the  CommiBsion  and  t 
Law,  and  it  was  difficult  to  secure  information  as  to  their  origin 
cost,  even  where  the  same  was  contained  in  their  official  records, 
many  instances,  the  railroads  had  passed  throngh  several  mana; 
meots  and  receiverships,  and  the  original  constntction  notes  and  n 
ords  bad  been  misplaced  or  were  entirely  lost.  In  several  cases  i 
records  had  been  destroyed  by  fire. 

The  Railroad  Commission  appointed  engineers  to  assist  in  makii 
the  valnations,  and  they,  with  the  profiles  referred  to,  in  hand,  made 
detailed  inspection  of  the  railroads  on  the  ground.  The  quantities 
excavation  and  embankment,  where  the  actual  qnantities  could  not  1 
obtained,  were  estimated  approximately  from  the  profiles,  using  t! 
oenter  heights  of  the  croBs-sections.  The  classifloation  of  the  m 
terialsinescavationwasdetermined  by  inspection.  Where  the  origin 
plans  and  estimates  of  cost  of  the  bridges,  buildings  and  stractnr 
of  all  kinds  conld  not  be  obtained  from  the  records  of  the  railroad 
their  valae  was  estimated  from  measurements  takeu  on  the  gronn 
The  extent  and  acreage  of  the  right  of  way,  the  depot  and  lermin 
gronnds,  were  determined  by  aotnal  measurement,  or  from  ma] 
furnished  by  the  railroads,  or  from  the  oity  and  county  tax  reoords. 

After  an  examination  of  a  railroad  had  been  made  by  the  enginee 
of  the  Commission,  its  valuation  was  prepared  on  estimate  sheet 
Upon  sheets  marked  Estimate  Sheet  A,  and  headed  "  Estimate  of  tl 

Value  of  the Railroad,  from  Mile  No.  —  to  Mile  No.  — ,"  wei 

recorded  the  values  of  the  right  of  way  and  depot  grounds,  roadbe( 
track,  bridges,  structures  and  way  buildings  for  each  mile,  the  vali 
of  ten  miles  being  recorded  on  each  sheet.  (See  Items  on  Sheet  A 
On  these  sheets  space  was  provided  for  the  units  and  prices,  aD 
columns  for  carrying  out  the  values  for  each  mile  and  the  totals. 

The  value  of  all  rolling  stock  and  equipment,  and  the  value  of  sue 
properties  as  were  properly  applicable  and  chargeable  to  the  entii 
railroad,  were  recorded  on  a  separate  estimate  sheet,  only  oae  shei 
being  used  for  a  railroad. 
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EamiATB  Sheet  A. 


Exclualve  ot  E 


OrfgbiBi  Embtuikmen 


WtdentL^ 

Wldeniag  embaokmeat. 


Earth. 
Qrarel. 
Loom  rock. 


RfltabAns  walls. 


FouadBtlotis;    EnaiTatton,  Eanb. 


CofferHtemB,  PumpinK,  CklMOi 
PUbUt- 
OrtlUge. 
CoDctMe. 
Maaonry;  Abutmcota  and  Plera,  FInt  olMi. 


Tnuaea:  Iron  sad  Btmt  Through  tnuna  (t«netli 

Iron  and  Bteel,  Deck  &asaea  (leiiMh). 

ComblnaUoa  tnmet  tUatOt). 

Wooden  trunea  (IfDolli). 
Ttcatlea:  Treatls  brldgea  (length). 

PIUiiB  tor  Tremlee  (length). 
"— '—  -—  "■~""^(longUi),__ 

V^oducMUein 


JolDlk  complete. 

Spllieg. 

uyliiK,  IncludlDR  expense  ol 

Haullos  t!ee. 

Surfacing. 


Signs,  of  sllitndg. 
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On  the  sheet  for  the  rolling  stock,  space  is  provided  for  the  descrip- 
tion, nnmber,  rate  and  value  of  all  locomotiTeB  and  cars. 

The  locomotiTes  are  classed  as  ' '  Passenger, "  "  Freight "  or  "  Switch 
Locomotives,"  and  there  are  columns  headed  as  follows:  Oange, 
Maker,  Size  of  Cjlinders,  Wheel  Base,  Length  of  Engine,  Total 
Length  of  Engine  and  Tender,  Weight  on  Drivers,  Weight  of  Engine, 
and  Total  Weight  of  Engine  and  Tender. 

The  oars  are  classed  as  follows: 


Freight  Cars. 

OllkerCara. 

PMsewte           nrat  lam 

Boxca™.«Jt.^^^ando.er. 

oncers'  cars. 

^^^        '■        WCOIldctoH 

Offleecars. 

keeping  caTB. 

"       "     less  than  reri. 

Par  cars. 

Stock  cars.  M  ft.  long  and  orer. 

BoardlDE  cars. 

•'      MtoWft.                    '  WaUrcan. 

BuBelotfe.'                               eesthanSStt.               Wreck]  ng  car«. 

Banagecan.                              Flat  on.  SS  tt.  and  otbt.                Derrick  can. 

PoMaleara.                            \     ■'      •■    Ins  than  UK  ft.               PHe-drlrer  cars. 

Bagnweand  mall  combined.:  Oondolas.                                           E^icavator  cars. 

OxpnM  oars.                             .  Coal  cara,  90  OQO  Iba.  capaclly.        Dump  cam. 

Cabt»*s.                                    1  Teloclpedea. 

Other  items  are  included  in  the  following: 

MocMt^  and  Re- 

D^t.: 

giDOB  and  other 

Legal  expenses  dnr 

^S^^ 

Othe"  than  right  of 
way    and     depot 

Euglneeringei- 

^r"^- 

lE^Tie^sr- 

grounds  proper. 

^^n^urtagcoD- 

Otherlroad  tools  In 

Other  shop  tools 

General  offlcea. 

Su^rlnteodeoM 

Id  urn. 

during     constrac- 

Other  toqiB  In  nore- 

Other  shop  tools 

shops. 

ttoo. 

housT 

Round  houses. 

Terminal  grounds. 

Bridget    and    Build- 

Transfer tables. 

Other  yard  extea- 

Damages  Conting«l 

ing  Drpt.: 

ODiand. 

Plle-dilvereonoars. 

Other    hoisting 

Boeplt^s. 

Furniture    and    Ib- 

Ptl&<lri™™,      ordl- 

tures,  general  of- 

floes. 

DerrlokB  on  can. 

Furoiture   and   Bt- 

Derrlcka.  ordinary. 

Municipal    (nui- 

chUee. 

InterestdurlDg  con- 

Other   bridge  tools 

inuae. 

atrucUon. 

Other  bridge  tools 

In  BloreboiMB. 

UattTialt    and   Sop- 

'    Itacti'i^ud  Loco- 

j       moU,eDepl. 
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The  Tftlaes  applied  to  the  several  nnit  items  of  constniction, 
materials  and  eqaipment  were  the  cnrrent  market  (oontract]  prices 
for  the  same,  a  liberal  allowance  being  made  tor  eontingencies.  The 
values  applied  to  the  right  of  waj  and  other  real  estate  owned  by  the 
railroads,  bnt  used  strictly  for  railroad  pnrpoaeB,  were  in  accordance 
with  the  current  market  value  of  the  adjoining  property.  No  deduc- 
tions were  made  for  any  property  which  had  been  donated  or  which 
had  been  acquired  by  the  railroads  at  tesB  than  its  market  value,  but 
all  was  valued  on  the  basiB  described.  The  value  applied  to  the 
grading  qnantities  was  the  oatside  market  (contract)  price  prevailing. 
The  values  applied  to  lumber,  rails,  and  the  other  materials  of  con- 
struction were  the  market  quot&tions,  with  due  allowance  for  freight 
charges  to  the  point  of  construction.  No  deduction  was  made  for 
depreciation  in  the  value  of  moteriols  on  account  of  age,  wear  and 
tear,  usage,  etc.,  it  being  considered  that  the  roadbed,  track  and  all 
Btruotnrea  most  be  maintained  in  first-class  and  serviceable  condition, 
and  renewed  from  time  to  time,  whenever  neoeesary.  On  the  other 
hand,  no  additional  allowance  was  made  for  the  value  of  seasoned 
roadbed,  etc. 

In  accordance  with  the  inatraotioDs  of  the  Commission,  no  allow- 
ance was  made  for  franchiaes  of  any  kind  except  municipal  franchise, 
and  in  that  case  only  where  the  streets  of  a  city  or  town  were  occupied 
by  the  tracks  of  a  railroad  in  lien  of  the  purchase  of  adjoining  prop- 
erty. The  value  tht^n  applied  to  such  a  franehiae  was  a  certain 
percentage  of  the  estimated  market  value  of  abutting  properties  on 
each  side  of  the  street,  less  the  value  of  the  improvements  thereon, 
Qsually  about  38}  per  cent. 

An  arbitrary  allowance,  usually  from  5  to  6%  of  the  total  eeti- 
mated  valne  of  the  railroad,  was  made  to  cover  all  the  items  "  legal 
and  engineering  expenses  and  superintendence."  A  similar  allowance 
was  also  made  for  the  item  "  interest  during  construction. " 

These  valuations,  after  being  summarized,  were  reporicd  to  the 
Commission,  and,  upon  being  adopted  by  it,  were  transmitted  to  the 
office  of  the  Secretary  of  State  for  permanent  record  in  his  oflBce,  due 
notice,  in  accordance  with  the  statute,  having  been  given  to  the 
railroads. 
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VALrxTiON  OF  THE  New  BAiutOAPS  Upon  Whioh  tee  Issuakcb  ah 
Beoistbation  of  Stocks  amd  Bonds  la  Appijm)  Fob. 

Id  accordance  with  the  provisioDs  o(  Article  4584  f,  of  the  Statnl 
heretofore  qaoted,  whenever  any  new  corporation  desires  to  conBtrn 
a  railroad,  or  whenever  any  existing  company  desires  to  make  eite 
sions  of  its  syetem,  authority  can  be  had  from  the  Railroad  Comm 
sion  to  isBue  stocks  and  bonds  in  advance  of  the  completion  of  t 
railroad,  provided  the  roles  and  regnlationa  of  the  Commission  go 
erning  in  such  matters  are  complied  with.  These  reqnire  that 
least  an  actual  survey  of  the  proposed  railroad  shall  have  been  mad 
and  suflicient  right  of  way  seonred,  either  by  deed  or  contract,  i 
show  the  good  faith  of  the  company.  This  authority  to  issue  bond 
secured  from  the  Commission  in  advance  of  the  eompletion  of  tl 
railroad,  however,  is  of  little  value  to  the  company  except  as  a  gni 
anty  that  when  a  certain  railroad  is  completed  in  accordance  with  tl 
plans  and  specifications  filad  with  the  application  for  issuance  ' 
stocks  and  bonds,  the  Commission  will  approve  and  direct  the 
registration  in  the  office  of  the  Secretary  of  State,  after  which  thi 
become  a  valid  obligation  against  the  property.  This  authorit 
upon  several  occasions,  has  been  used  as  the  basis  for  constntoti< 
and  equipment  contracts. 

From  the  plans,  specifications,  contracts  and  other  exhibits  filt 
with  an  application  for  isananoe  of  stocks  and  bonds,  an  estimate  < 
the  ultimate  physical  valne  of  the  railroad,  when  completed,  is  ma* 
by  the  Commission,  upon  the  basis  heretofore  described,  and  tl 
issuance  of  stocks  and  bonds  anthorizedto  the  amount  of  the  estimat 
As  before,  due  allowance  is  made  for  the  value  of  all  property  whit 
is  to  be  donated  to  the  railroad,  which  is  to  be  used  for  strictly  rai 
road  purposes,  and  for  mnnicipal  franchises  which  are  to  be  actual 
occupied. 

The  estimate  upon  which  the  issaauce  of  stocks  and  bonds 
based  is  made  up  on  Estimate  Sheets  A,  Band  C,  which  are  prepari 
by  the  Commission.  One  sheet,  of  the  form  "  Estimate  Sheet  A  ", 
uaed  for  each  mile  of  railroad,  and,  in  the  first  oolnmn,  under  tl 
heading,  "  Estimate  Upon  Which  Aathotity  to  Issne  Sto<^k  and  Bon< 
Is  Based,"  is  placed  the  rate  per  unit  item  allowed,  and  the  amoni 
and  value  of  each  item  of  property  and  conatrnction  which  is  to  entt 
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into  the  ultimate  valuation  of  the  railroad,  except  tolling  stock  and 
equipment,  and  anch  general  items  as  are  more  properly  chargeable 
to  theentireline.  These  Utter  items  are  considered  and  the  values 
applied  are  recorded  on  the  form,  "Estimate  Sheet  B  and  C,"  nnder 
the  same  heading  as  before,  one  sheet  being  naed  for  the  entire  rail- 
road. The  total  of  these  estimate  sheets  determines  the  amount  of 
stocks  and  bonds  that  the  Commission  vill  authorize  to  be  issued. 

After  the  railroad,  or  vay  section  of  it,  has  been  completed,  vie., 
the  track  laid  and  surfaced,  application  can  then  be  made  to  the 
Railroad  Commission  for  its  approval  and  authority  to  register,  of  the 
stocks  and  bonds  already  authorized  to  be  issned,  an  amount  equiva- 
lent to  the  value  of  the  completed  railroad  or  section  thereof.  The 
Commission  has  its  engineer  make  an  inspectiou  of  the  railroad 
reported  to  be  completed,  and,  upon  Estimate  Sheets  A,  B  and  C, 
above  mentioned,  in  the  next  column,  under  the  heading,  "  Estimate 
for  Registration  of  Stock  and  Bonds,"  is  recorded  the  value,  of  the 
property  acquired  and  construction  completed,  applicable,  tlpon 
approval  of  the  engineer's  report  of  value,  the  Commission  orders  the 
regigtration  of  the  stocks  and  bonds. 

As  subsequent  sections  are  completed,  the  Commission  will  authorise 
additional  stocks  and  bonds  to  their  value.  Also,  upon  the  completion 
at  any  time  thereafter  of  any  eonstrnction,  or  the  acquirement  of  any 
property,  contemplated  in  the  original  application  upon  which  the 
issuance  of  the  stocks  and  bonds  was  baaed,  such  as  permanent 
bridges,  ballasting,  fencing,  buildings,  terminal  grounds,  etc.,  addi- 
tional bonds  will  be  authorized  registered  to  their  value  as  the  same 
appears  on  the  first  estimate  made  by  the  Commission.  The  value  of 
these  latter  items  are  entered  in  the  last  column  of  Estimate  Sheets 
A,  B  and  C. 

In  any  case,  however,  whether  or  not  the  same  was  contemplated 
or  was  specified  in  the  original  application  for  issuance  of  stocks  and 
bonds,  since  it  is  provided  in  Article  iSiH  b  that  the  aggregate  amount 
of  stocks  and  bonds  must  not  exceed  the  reasonable  value  of  the 
property,  any  railroad  can  at  any  time  apply  to  the  Commission  for 
authority  to  issue  and  register  additional  stocks  and  bonds  to  the 
amount  of  the  value  of  any  permanent  improvements,  betterments 
and  equipments  which  have  been  added  to  the  property  or  acquired 
by  the  company. 
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Estimate  Sheet;  "A,"  Boadbed,  Stbucttureb,  etc. 

RAILROAD  COMMISSION  OF  TEXAS. 
Rail ,  Mile  No From 


I    I     I 


Right  of  Way , 

Depot  Grounda. 

ClMrlDE  and  arubblns. . 
Earth  ^cbtbUoo.  . . 

QnTel  ElxcavBtkin 

Lo<M«  Ttock  Excavation. 
Solid  Kock  EzoTatlou . . 
Earth  Embankment. 
Hauled  Embanknuii 

Rip-Rap 

FoUDdBtton  Excavation.. 
FouadatloQFflliiK.. 

Grillage 

Uasonry  Plen 

Cylinder  Pten 

HaaoDry  Gulveru.. 

Steel  Troana 

Plate  Qirdera 

Treatic  Timber 

Ti«Mle  PUIng 

Drain*,  Box 

Dralmt,  pipe 

Cattle  Goarda 

rendng 

Koad  CroBalDgg 

aigna , 

Tle-Platea!V.!;!!"; 

Steel  Rails 

Jolnli  Cumplele.... 

Splltea 

Tjiying  and  3urtaclDg. . . 

Sidings 

awitch  Furniture.. 
RHilroad  Crosaines 

Ballaat 

Telegraph 

Passenger  Depot. . . 

Freight  Depot 

Cotion  Platform.. ., 

WaterStatlon!:!!;; 

Stock  Pen 

Coal  Chute 

Track  ^calea 

Total 


cu.yd. 
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BsTiuATK  Bhbkt; 

B^TIMATS   BhEBT) 


"  RoLLiKO  Stock. 

'  MiscBU^HBOVB  Items. 


RAILROAD  COMMISSION  OF  TEXAS. 
_ R,ia _ 


No. 

Rate 

Value. 

Rai« 

™„. 

».. 

Bate.  V.1M. 

reiBht  Locomotive*  ..'.'.'.'. 

•halrCare 

land  Can 

1 

C-Ml8CKLl.lM0t.-B: 

i 
1 

1 
1 

Dtereet  danoKCointr....: 

" 

1 

1                   1 

^ 

1 

ToW>-'B'-and"C." 

1      1      1 

1 

1     1     1 
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No  allowaDoe  ie  made,  in  the  eatimateB  of  the  Commission,  for  d 
oonat  on  bonds,  brokerage,  etc.,  it  being  oonsidered,  theoretics 
speaking,  that  the  stooks  and  bonda  repreaent,  dollar  for  dollar,  acti 
phjaioal  values.  The  margin  for  an;  diaconnt  on  bonds  or  profits 
conatcaction,  which  the  promotera  and  builders  of  railroads  in  Tei 
have,  ia  therefore  confined  to  the  value  allowed  for  the  donationa  ma 
to  the  railroad  b;  onteide  interests,  and  the  difference,  if  there  be  t 
on  the  poaitive  side,  between  the  actual  cost  of  the  railroad  and 
valne  as  the  same  may  be  estimated  bj  the  Commission. 

The  emergency  olanse  of  the  law,  given  in  Articles  4584  b  a 
45S1  f,  which  permits  the  Commisaion  to  authorize  the  execution 
indebtedness  60%"  in  eiceaa  of  the  actnal  valne  of  the  property,  si 
may  determine  the  same  to  be,  baa  been  invoked  a  number  of  times 
the  railroads  to  covet  anch  items  aa  diaconnt  of  bonds,  brokerage,  et 
but  the  Commisaion  haa  in  all  casea  refused  to  exercise  ita  prerogst 
in  the  matter,  holding  uuiformly  that  it  ia  the  intention  of  the  I 
that  the  said  emergency  provision  should  be  invoked  only  in  easen 
cover  losses  by  railroads  from  extraordinary  causes,  such  as  fi 
flooda,  etc. 

BUT<ES   AND    BeOtJIiAIIONS    CONTROLLINQ   THB    BaQiBOAII    COUHISBION 

Texas  in  Issuancb  op  Rajlhoad  Stocks  and  Bonds. 
"  For  the  information  of  the  public  and  to  secure  the  protection 
investors  contemplated  by  the  law  governing  the  issuance  and  reg 
tration  of  railroad  stocks  and  bonds,  the  Commission  has  prescrib 
the  following  as  the  method  of  procedure  andet  the  law  neceaaarr 
secure  its  authority  to  issue  and  have  registered  railroad  slocks  a) 
bonds: 

"APpniCATlON  POB  ArxHOBITY  TO  ISSUE  SONDS. 

"  An  application  to  the  Commission  for  authority  to  iaaue  bon 
must  set  forth  in  the  body  of  the  application,  or  as  an  exhibit  there! 
the  following  facta  which  must  be  signed  by  the  president  ai 
attested  by  the  secretary  of  the  company  making  the  application: 

"  Itt.     Copy  of  the  company's  charter. 

'•2nd.  Copy  of  the  published  notice  to  stockholders  calling 
meeting  thereof  for  the  purpose  of  authorizing  the  directors  of  t1 
company  to  apply  to  the  Commission  for  authority  to  issue  bouds,  M 
a  copy  of  the  resolutions  adopted  at  such  meeting  of  the  atockholde 
authorizing  the  directors  to  apply  to  the  Commission  for  authority  I 
issue  bonds. 

"3rd.  The  contract  with  the  construction  company  proposing  ' 
construct  the  road,  if  any. 
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"4th.  Alignment  map  of  located  road,  on  a  scale  of  not  less  than 
)00  feet  to  the  inch,  showing  property,  city  and  connty  lines. 

"Deeds  to  right  of  way  and  other  real  estate  acquired  by  the  cor- 
•ration  for  railroad  purpoaea,  duly  attested.  The*e  moat  haTe 
rerenoe  to  the  maps,  and  property;  city  and  county  lines  ahonld  be 
operl;  tied  to  the  located  line  of  the  railroad  in  the  cnstomary 

"  If  there  be  lauds  traversed  by  the  located  line  to  which  title  has 
t  been  acquired  by  the  corporation  at  the  time  of  applicatioh, 
lether  bj  reason  of  delay  oonseqne&t  upon  the  necessity  of  coa- 
muation  proceedings,  or  from  other  eanaes  aalisfactory  to  the  Com- 
aaion,  the  deeds  thereto  shall  be  filed  with  the  Commission  aa  thej 
ij  be  obtained,  and  their  deacription  noted  in  place  upon  the  maps.  ■ 

"  Any  change  that  may  be  made  in  the  located  line  of  the  railroad 
her  before  or  during  oonBtrnction  mnat  be  reported  to  the  Commis- 
m  in  order  that  the  same  be  duly  recorded,  awaiting  the  final  action 
the  Commisaion. 

"  Maps  of  atation  grounds,  yards  and  terminala,  on  a  acale  of  not 
IS  than  200  feet  to  the  inch,  showing  locations  of  tracks,  bnildinga 
d  other  stracturea,  and  their  relation  to  the  streets,  blocks  and  lots 
the  town  or  city  in  which  they  are  sitnated,  if  any. 

"Profile  of  located  or  completed  road  or  part  of  road  on  a  scale  of 
t  less  than  400  feet  to  the  inch  horizontal,  and  30  feet  to  the  inch 
ttical,  showing  the  following:  Nature  of  timber  on  right  of  way 
Iginally,  if  any;  quantitiea  of  excavation  and  embankment  aod  their 
iBsification;  location  and  length  of  sidings  and  spurs;  location  of 
iter  stations  and  nature  of  supply;  location  and  character  of  bridgea, 
ildings,  and  all  other  way  structures. 

"  Plana  and  specifications  for  the  following:  Graduation ;  ballast 
d  track;  bridges,  buildings  and  other  standard  structures. 

"Boiling  stock:  Number  and  class  of  locomotiTes;  number  and 
IBS  of  cars  of  all  kinds;  miscellaneous  equipment. 

"  Detailed  estimate  of  the  cost  of  the  proposed  or  completed  road. 

"  5th.  The  extent  and  value  of  work  already  done  or  in  process  of 
mpletion. 

"  6th,  Amount  of  money  and  amount  and  valne  of  property  re- 
ived aa  donations  to  the  company. 

"  7th.  Aggregate  amount  of  stock  snbscril)ed  to  the  capital  of  the 
mpany  and  amount  paid  thereon. 

"  8th.  Any  and  all  other  facts  showing  the  value  of  the  franchises 
d  property  offered  as  security  for  the  contemplated  iasne  of  bonds. 

"  The  following  statement  must  accompany  the  application  aa  an 
hibit: 

"  List  ot  subscribers  to  capital  stock,  number  of  shajes  subscribed 
'  each,  amount  of  stock  represented  by  each  share,  and  amount  of 
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cash,  Iftbor  or  property  paid  thereon.  Oppoa 
list  muat  be  affiled  a  aatuber  beF^nning  with  01 
number  of  any  certificate  of  stock  previonsly  h 
must  be  certified  to  by  the  president  of  the  boi 
of  the  meeting  at  -which  sach  stock  was  anthorii 
the  same  in  person.  Said  statement  or  certtfioat 
the  minutes  of  the  board,  attested  by  the  8ecr« 
company  seal  affixed  thereto  and  deposited  wi 
mission.  (See  Sec.  7  of  An  act  to  regulate  isan 
and  bonds.) 

"  Upon  the  filing  of  snch  application,  and  1 
the  law,  the  Commission  will  issno  an  order  gn 
applying  therefor  authority  to  isoTie  its  bonds  t 
ita  fraachiseB,  property  and  completed  road 
bonds  to  be  approved  and  directed  to  be  regiat^ 
road,  or  part  of  road,  to  the  extent  of  the  value 
by  the  Commission. 

"  Af  FUCATION     70B   APPfiOVAL   AN1>   BBOIBTRATll 
COU  MISSION. 

"  Application  to  the  Commission  to  approve 
registered  in  the  Secretary  of  State's  office  mus 
of  the  president  of  the  company  making  the  ap 

"  1st.  The  amoant  of  stock  of  said  compan] 

"  2nd.   The  amount  of  outstanding  bonds,  il 

"  3rd.  The  number  of  miles  of  completed 
upon  which  the  bonds  are  to  become  a  first  mon 

"  The  bonds  presented  for  approval  and  re^ 
'cuted  in  accordance  with  Section  8  of  the  act  r< 
of  the  same. 

"  Upon  filing  of  each  application  and  the  pn 
desired  to  be  approved  and  registered  thereundi 
direct  its  engineer  to  inspect  the  road  or  part  01 
Ascertain  if  it  has  been  constructed  and  eqnipp 
the  speciflcBtions  and  the  profile  set  ont  in  its  a 
mission  for  authority  to  issue  bonds.  If  it  find 
road  or  part  of  road  proposed  as  security  for  th 
approval  and  registration  has  been  built  in  gooi 
worth  the  amount  for  which  it  is  proposed  as  1 
be  issued  to  the  Secretary  of  State  directing  hii 
the  extent  of  the  value  of  said  completed  road  < 

"  No  bonds  will  hereafter  be  approved  and  d 
by  the  Secretary  of  State  except  upon  roads  01 
pleted  and  equipped,  and  then  only  to  the  amon 
as  determined  after  investigation  by  the  Commii 


b,Googlc 


iprra-l  TALDATION  OF  SAILKOAD  PROPEBTISS.  1? 

"  BEOIBTBATION  OF  BTOOKB. 

"  The  iflanaiice  of  certificates  of  railroad  stock  to  enbecribers  to 
le  capital  stock  mnst  be  in  accordance  with  Sectiou  7  of  the  act  regu- 
ting  the  iBsnanae  of  railroad  stocks  and  bonds  and  mnet  b«  only  an 
impleted  road  or  part  of  road.  When  so  isined  the  Commission  will 
iiect  their  registration  in  the  office  of  the  Secretary  of  State. 

"  The  amoDot  of  the  atocks  and  bonds  together  in  tlie  aggregate 
ost  not  exceed  the  reasonable  value  of  the  property  of  the  company 
sning  them." 


RAII.BOADB  Which  Have  Bbkn  VaiiUbd  bt  toe  Goioiissiok. 
Since  the  passage  of  the  Stock  and  Bond  Law,  the  Railroad  Com- 
ission  baa,  from  time  to  time,  valued  the  railroads  of  Texas,  and 
led  its  valTiations  -with  the  Secretary  of  State.  Table  No.  1  is  a  list 
'  the  railroads  which  have  been  valued,  up  to  October  20th,  1903, 
igether  with  their  valuations,  as  the  same  will  appear  in  the  Twelfth 
Dunal  Beport  of  tbe  Railroad  Commission,  1903. 

Erpscr  of  the  Stock  and  Bond  Law. 

In  connection  with  tbe  foregoing  statement  of  tbe  Railroad  Stock 
id  Bond  Law  of  Texas  and  tbe  description  of  the  methods  used  by  the 
ailroad  Commission  when  valuing  railroads,  under  its  pcovisious,  it 
ill  DO  doabt  be  of  interest  to  mention  what  the  general  effect  of  the 
kw  has  been  on  the  railroad  securities  of  the  State.  Table  No,  2, 
hich  will  appear  in  the  Twelfth  Annual  Report  of  the  Railroad 
ommission  of  Texas,  1903,  very  briefly,  but  effectually,  shows  the 
rincipal  eCre43t  of  tbe  Stock  and  Bond  Law,  which  has  been  to  re- 
ace  steadily  the  average  outstaading  indebtedness  of  the  railroads 
f  Texas,  per  mile,  and  this  has  been  done  in  the  face  of  an  actual 
loreaae  in  physical  values  and  an  increase  in  net  earnings  of  the 
ropertiea. 

When  it  is  considered  that  all  indebtedness  of  the  railroads  out- 
tanding  at  the  time  of  the  passage  of  the  Stock  and  Bond  Lav 
emained  in  effect,  and  is  still  in  effect,  it  will  be  seen  that  the  reduc- 
ion  in  the  averse  indebtedness  per  mile  of  tke  railroads  of  Texas 
las  been  dne  largely  to  the  restriction  which  the  law  placed  on  the 
mnance  of    securities  for  the  1  875  miles  of  new  railroad   which 
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have  been  coaetnioted  ainoe  the  passage  of  the  law,  a 
railroad  as  vas  sold  ont,  at  reoeiver'e,  or  other  8a]e,  and  r 


id  anoh  old 
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ThiB  rednction  in  tbe  average  indebtedaess  per  mile  of  tbe  rail- 
roads of  Texas  will  continae  as  loug  as  the  Stock  and  Bond  Zjaw 

remains  in  effect,  snd  until  their  capitAUzation  approaches  the  pbjsi- 
cal  valne  of  the  properties,  as  it  maj  be  determined  bj  the  Bailroad 
OonnnisBion. 
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PAPERS  AND  DISCUSSIONS. 

Society  la  not  r««poDslble.  at  a  bod;,  lor  tbe  facta  uicl  optaiioiu  wlnuictd 


FREEZING  AS   AN   AID  TO   EXCAVATION 
IN  UiNSTABI.E  MATERIAL. 


Bt  Jahb8  H.  Brace,  Assoc.  M.  Am.  Soc.  C.  E. 
To  BE  Pbbsbntbd  Fbbedabt  17th,  1901. 


Inteodttction. 

This  paper  contaias  a  ajnopsie  of  tbe  resalt  of  a  research  of  tbe 
literature  on  tbe  above  enbjeut,  Tbe  research  waa  tbe  joint  work 
of  H.  F.  Dose,  M.  Am.  Soc.  G.  £. ;  Paul  A.  Seurot,  Assoc.  M.  Am.  Soc. 
C.  E.,  and  tbe  writer. 

All  articles  which  oould  be  fonnd  ia  the  variona  libraries  of  New 
York  City  were  examined  and  abstracted,  and  then  combined  is  th« 
following  synopsis.  Tbe  French  and  German  periodicals  were  read 
and  translated  bj  Messrs.  Dose  and  Seurot,  and  those  in  Engluh 
were  abstracted  bj  the  writer.  Lists  giving  the  names  of  tbe 
various  publications  from  which  information  has  been  obtained  bave 
been  filed  in  the  Library  of  the  Society,  where  they  may  be  re- 
ferred to  by  those  who  are  interested.  Aclcnowledgments  canoot 
be  made  in  each  case,  bnt  are  due  to  all  the  sources  thus  listed. 


HlHTORT. 

For  many  years  the  miners  of  Siberia  have  taben  advantage  of  tb« 
extreme  low  temperature  in  winter  to  penetrate  beds  of  qnickBud 

I  papera  are  issued  before  ihe  date  set  for  preeeotatioii  and  dtocunioa. 
Ib  Invited  from  thoae  who  cannot  be  present  at  the  meeting,  and  mar  be 
He  aecreUUT.    DiBCUSSioii,  elUier  oral  or  irrirten.  will  be  pubUiOMd  to  a 

■ubaequentnumnerof  iVof«(tfiHr>,  and,  when  flnallr  cloaed.  the  papera.  with  dlamniap 

la  full,  will  be  publtalipd  In  lyamadiom. 
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rerl^mg  mineFol  depoBits.  Natural  refrigeration,  tiowever,  can  have 
ilj  a  limited  application  in  regions  of  severe  winters. 

As  far  ae  the  writer  has  been  able  to  ascertain,  the  first  use  of  con- 
ilation  pcodnced  hj  artificial  means,  as  an  aid  to  excavation,  was  in 
ngland,  in  1862.  In  order  to  uiak  a  well  through  a  bed  of  qnick- 
od,  a  coil  of  pipes,  of  a  diameter  larger  than  that  of  the  lining,  was 
ink  into  the  quicksand.  Brine,  cooled  b;  an  ether  machine,  was  cir- 
ilated  through  the  coil  nntil  the  material  was  frozen.  The  well  was 
iBQ  excavated  without  difficulty. 

In  1883,  F.  H.  Poetach  made  the  first  application  of  his  process, 

the  Archibald  Mine,  in  Saxony.  Since  that  time,  progress  has 
sen  mainly  along  the  line  of  improvements  in  his  original  process. 

At  least  two  other  processes,  the  Gobert  and  the  Eoob,  have  been 
ronght  forward,  but  the  only  essential  diflference,  between  these  8,y8- 
ims  and  that  of  Poetsch,  is  in  the  medium  used  for  transferring  the 
•V  temperatures  from  the  machine  to  the  freezing  pipes. 

The  Pobtsch  Pbooess. 

Water-tight  tubee,  usually  parallel  to  each  other,  are  distribtited 
ironghout  the  mass  to  be  frozen,  and  are  known  as  the  freezing 
ibes.  In  practice,  they  have  usually  varied  from  about  4  to  10  ins. 
I  diameter.  Inside  each  freezing  tube,  smaller  pipes,  known  »e  the 
rcnlating  tubes,  are  placed.  Each  of  the  latter  has  an  opienio'g  near 
le  bottom  into  the  oater  pipe.  The  circulating  tubes  are  all  joined 
igether,  usually,  by  a  large  circular  or  rectangular  pipe,  known  as 
le  circulating  ring.  The  freezing  pipes  are  capped  at  the  top  and 
iued  to  a  Bimiiar  ring,  called  the  collector  ring.  A  circuit  ia  formed 
r  conuecting  the  circulating  and  collector  rings  to  the  cold-brine 
rak  of  some  form  of  freezing  machine.  A  pump  is  placed  between 
le  refrigerator  and  the  circulating  ring.  Cold  brine  is  drawn  from  the 
Dttom  of  the  tank,  forced  by  the  pump  through  the  circulating  rinp;H, 
iwn  the  circulating  pipes,  thence  up  tbe  freezing  tubes,  where  it  ah- 
irba  a  certain  amount  of  heat,  and  back  through  the  collector  ring  to 
le  top  of  the  refrigerator.  The  circulation  is  maintained  in  thix 
lanaer  ontil  an  ice  wall  is  formed  completely  surrouuding  the  aiea 
)  be  excavated. 

Freezing  Tube*. — The  first  operation,  usually,  is  boring  for  the 
reezing  tubes.     The  boles  are  put  down  by  one  of  the  well-known 
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methoda.  The  one  chosen  depends  largely  on  the  natnre  of  the 
material.  In  the  earlier  appUoatioDS  of  the  Poetech  process,  the 
casings  of  the  bore>holes  were  used  foe  the  outer  or  freezing  tubes. 

Considerable  difficoltj  was  found  in  closing  the  lower  ends  of  the 
casings  so  that  the  brine  conldnot  escape.  Also,  the  joints  in  the  cas- 
ings were  often  defective,  and  leaked,  after  the  severe  straina  to  which 
they  were  anbjected  in  being  forced  down.  The  escape  of  the  freezing 
medium,  even  in  small  quantities,  prevents  congelation  of  the  impreg- 
nated strata,  and  thus  oauses  a  weak  place,  if  not  a  leak,  in  the  ice 
wall.  In  nearly  all  the  work,  of  late  years,  a  pipe  somewhat  smaller 
than  the  casing  is  lowered  inside  and  the  oasing  withdrawn.  This  pipe 
is  sealed  at  the  lower  eud,  and  each  joint  in  turn  is  tested  under  heavy 
water  preesure.  Another  cause  of  leaks  is  the  contraction  of  the 
pipes  under  the  low  temperatures. 

The  partially  frozen  earth,  especially  where  the  shaft  is  deep,  often 
obtains  such  a  bold  on  the  tube  as  to  render  movement  impossible.  It 
any  further  contraction  takes  place  the  pipe  is  ruptured  and  a  leak 
produced.  As  a  remedy  for  this,  in  at  least  two  shafts  sunk  recently, 
slip  joints  have  been  placed  at  about  mid -depth  on  the  pipes. 

In  the  first  sinkings,  6  or  10-in.  pipes  were  used,  but,  in  late  years, 
the  diameter  has  usually  been  from  4  to  6  ins. 

Otrcuiating  Pipes. — The  circulating  pipes  have  commonly  been  from 
1  to  1}  ins.  in  diameter.  They  are  either  supported  by  the  fittings  at 
the  top,  or  bear  on  the  bottom  of  the  freezing  tubes.  In  the  first  oase, 
their  lower  ends  are  left  open  for  the  passage  of  the  descending  freez- 
ing liquid.  In  the  latter  case,  slots  are  provided  in  the  sides  near  the 
bottom  for  the  same  purpose.  The  fittings  at  the  top  of  both  the 
circulating  and  freezing  pipes  are  well  shown  in  Fig.  1. 

Arrangement  t^ Ihe  Freedng  Tales.— hi  the  first  shafts  built  by  thie 
process,  tubes  were  distributed  throughout  the  area  to  be  excavated,  as 
well  as  on  a  ring  outside.  Later,  only  one  tube  was  put  down  inside 
the  limits  of  the  sinking,  and  that  usually  in  the  center.  In  some 
cases  this  tube  was  insulated  so  as  to  freeze  only  tbe  bottom  of  the 
shaft.  In  the  latest  cases,  the  central  tube  has  been  omitted  alto- 
gether, at  least  for  freezing  purposes.  It  is  a  common  practice  to 
sink  a  welt,  of  a  greater  diameter  than  that  of  the  ring  of  pipes,  down 
to  the  ground-water  level,  and  then  start  the  borings  from  tbe  bottom 
of  the  well.     In  many  cases,  particularly  where  the  shafts  had  been 
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PIPE  CONNECTIONS. 
CHAPIN  MINE. 

From  the  School  of  Mint*  Quarttrltf, 
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started  by  otber  methods,  regular  airaiigemeuts  of  the  tubes  were  not 
practicable. 

In  the  case  of  the  Archibald  shaft,  and  in  the  second  attempt  at  the 
Jeeeenitz  shaft,  all  the  pipes  were  placed  inside  the  area  to  be  ex- 
cavated. It  was  found  that  when  the  pipes  were  nnooTeced  thej 
would  not  long  maintain  the  ice  wall.  This  was  especiallv  trne  at  the 
Jesaenitz  shaft. 

Circulating  and  CoUectm-  Rings, — The  circulating  and  collector  rings, 
nsuallv,  are  made  circular  or  rectangular,  according  to  the  arrange- 
ment of  the  outside  ring  of  pipes.  The  rings  are  generally  placed 
near  the  top  of  the  freezing  tnbes,  but  experience  has  shown  that  the 
tubes  should  be  extended  above  the  ground-water  level,  so  that  all 
flow  into  the  shaft  can  be  stopped.  Valves  are  provided,  on  the  cos- 
nectiou  between  the  rings  and  tnbes,  in  order  that  any  tube  ma;  be 
cnt  out  in  case  of  leakage.  These  valves  also  afford  a  means  of  regula- 
tion if  the  freezing  action  in  one  tnbe  takes  place  more  rapidly  than 
in  its  ne^hbore.  It  does  not  appear  that  the;  have  been  used  much 
for  this  pnrpose. 

In  some  cases,  as  at  the  Auboue  shaft,  trouble  has  been  caused  by 
individual  tubes  becoming  choked  and  stopping  the  circulation.  The 
stoppage  may  be  caused  bj  scales  of  mat  falling  to  the  bottom  of  the 
larger  tube  and  closing  the  end  of  the  inner  tube,  or  by  some  foreign 
substance  which  gets  into  the  tube  through  the  brine.  When  the 
temperature  of  the  air  around  the  tops  of  the  pipes  is  high,  a  stoppage 
of  the  flow  soon  becomes  apparent  by  the  melting  of  the  frost  on  the 
pipes  and  connections.  When  the  temperature  is  low,  however,  as  in 
winter,  there  is  no  means  of  knowing  when  a  stoppt^e  occurs,  'la 
remedy  this  state  of  affairs,  M.  Ctobert  has  suggested  the  arrangement 
shown  in  Figs.  4  and  5.  By  this  plan  the  tubes  which  receive  the  cold 
solution  first  would  have  more  effect,  and  the  refrigeration  would  be 
irregular.  To  obviate  this  difficulty,  the  inveutor  suggests  reversing 
the  current  at  frequent  intervals. 

Mr.  Gavallier,  with  the  same  object  in  view,  proposes  to  retain  the 
circulating  rings,  but  use  separate  return  pipes  from  each  freezing 
tube. 

He/rifferating  Machinery, — Many  different  typee  of  refrigerating 
machinery  have  been  used,  and  any  device  that  will  cool  the  freezing 
solution  down  to  about  —20^  or  —25°  Cent,  will  answer  the  purpose. 
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It  may  be  interesting  to  describe  brieflj  the  plant  wbich  was  used  at 
Washington  Collierj,  in  Conntj  Dnrham,  EngUod,  shown  in  plas 
Fig.  9.  The pliint  consisted  of  the  driTiug  engine,  .d,  the  compres» 
B  and  /,  the  condensers,  Ja,ad  K,  the  refrigerator,  L  and  M,  and 
circnlating  pomp.  The  latter,  of  oonree,  was  a  part  of  the  trironlat 
eystem,  rather  than  of  the  refrigerating  plant.  Anfaydrona  ammo; 
N  Hj,  was  oompressed  to  a  pressnre  of  160  lbs.  per  Hqaare  inch  in 
ojlinders,  H  Kadi.  From  the  compressors  it  passed  to  theoondensi 
J  and  K.  These  oonsiBted  of  tanks  containing  coils  of  1-ia.  pi 
abont  1  600  ft.  long.  Gold  water  was  circnlated  throngh  the  tai 
and  was  kept  in  oouetant  motion  by  the  paddles,  p  and  d.  The 
from  the  oomprexBorB,  in  paseing  thcongh  the  coils,  gave  np  a  c 
siderable  portion  of  its  heat  to  the  cooling  water,  and  in  doing 
changed  from  a  gas  to  a  liquid.  Abont  4  000  galls,  of  water  per  h 
were  required  for  this  pwpoae,  and  its  temperatnre  was  raised  ab 
10°  Centigrade. 

The  refrigerators  were  similar  to  the  condensers,  except  that 
liquid  outside  the  coila  was  the  freezing  solution,  and  the  coils  « 
2  000  ft.  long.  The  liquid  ammonia  from  the  condensers  was  admit 
to  the  coils  of  the  refrigerators  bj  a  valve,  which  rednced  its  press 
to  15  lbs.  per  square  inch,  fiylhis  change  of  pressure  the  ammo 
again  assumed  its  gaseons  form,  but  in  doing  so  it  bad  lo  absorb  fi 
the  surrouuding  freezing  solution  an  amount  of  beat  correepoodiu) 
its  latent  heat  of  vaporization.  From  the  refrigerator  the  gas 
tetomedto  the  compressor,  where  it  was  again  compressed  and  star 
on  a  second  circuit. 

The  cold  brine  was  drawn  from  the  bottom  of  the  refrigerator  t 
pump  and  forced  throngh  the  freezing  sjstem  back  to  the  top  of 
refrigerator.  The  brine  was  circulated  at  the  rate  of  1J4  galls, 
minute.  The  temperatures  of  the  brine,  on  leaving  and  relunuDf 
the  cooling  tank  during  the  different  Htaii^eB  of  the  process,  are  she 
in  Fig.  10, 

The  freezing  plant  is  nsnall;  located  as  near  the  top  of  the  st 
as  practicable,  in  order  to  avoid  loss  of  efficienc^y  in  transmitting 
freezing  solution.     There  seems  to  be  some  difi 
the  amount  of  this  loss.     Mr.  Moran  states 
ground  at  the  Chapin  Mine  were  not  protectei 
mediately  after  starting  congelation,  condensat 
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them  mthaanow-like  ice  thftt  served  AB  ft  oheap  and  effective  la^pni 
On  the  other  h&ud,  Saolier  and  Waymel  state  that  the  loss  at  the  V: 
Pita,  where  one  plant  was  used  for  Bimaltaaeoae  work  at  two  shal 
121  ft.  apart,  was  20^  at  the  snrface.  Amtngemente  must  be  made 
Hnpplj  the  machine  with  a  considerable  quantity  of  cool  water,  abt 
i  000  galla.  per  boar,  and  to  dispose  of  it  after  it  has  passed  thron 
the  condensers.  If  euch  a  sapplj  is  not  available,  means  mnst 
provided  for  cooling  the  oondenBing  water. 

Experience  has  shown  that  the  freezing  plant  shonld  consist  of 
least  two  complete  units,  as  a  total  stoppage  of  congelation  mav 
followed  by  Berioua  reBnlts. 

TEMPERJTUBES  OF  BRINE  AMD  COOLING  WATER,  AT  WASHINGTON  SHAFT, 


Fia.  10, 

Gottgelation. — The  progress  of  congelation  in  n 
well  illaetrated  in  Fig.  12.  Daring  the  first  atag 
form  aronnd  the  individual  pipes,  and  increase  nnii 
tions  nntil  adjacent  cylinders  toach  and  form  a  cl< 
second  stage,  after  the  wall  is  formed,  each  cylindei 
in  the  manner  shown  by  the  dotted  lines  around 
cylinders,  however,  interfere  with  each  other,  and  ] 
annnlar  ring,  b.  This  ring  increases  in  thickness  i 
inside  the  ring  of  the  pipes  than  on  the  outside.  T 
the  facts  that  the  loss  by  conduction  is  much  less 
and  that  the  area  affected  by  each  tube  is  great 
Where  deep  shafts  penetrate  imperviouB  beds  overly 
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beariog  strata,  some  ap- 
prehension has  been  felt 
for  tbe  aafetj  of  the  ioe 
wall.  This  condition  is 
shovn  in  Fig.  14,  illne- 
trating  theoonditioQeat 
Harohiea.  After  the  im- 
permeable clay,  which 
oongeala  mnoh  more 
rapidly  than  the  green- 
aand,  baa  completely 
frozen  inside  tb«  circle 
of  pipes,  there  will  be 
no  escape  for  the  water 
confined  in  tbe  apace, 
A,  and  expanding  con- 
Btantly  nnder  tbe  in- 
flaenoe  of  the  lowering 
temperature.  To  meet 
this  contingency,  the 
central  pipe  shown  in 
Fig.  14  ie  provided. 
This  pipe  ia  described 
more  fally  in  tbe  acconnt 
of  tbe  Harchies  shaft. 

The  difficulties  of 
congelation  are  in- 
creased by  running 
water,  or  by  the  pres- 
ence of  salt  water  or 
other  substances  which 
do  not  freeze  rcadilj. 

The  strength  of  the 
frozen  material  Taries 
greatly  with  tbe  nature 
of  tbe  material  itself, 
with  the  quantity  of 
water  present,  and  with 
the  temperature. 
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The  resalta  of  some  tensile  tests.  mAde  hj  Mr.  Albj,  in  France,  on 
irated  sand,  are  sbonn  graphioally  in  Fig.  13.  Teste  made  at  the 
ipin  Mine  (temperature  not    recorded)  gave  average  resnlta  as 

rensile  strength,  431  lbs.  per  aqnare  inch. 
CompreasiTe  strength,  575  lbs.  per  sqnare  inch. 
Experience  has  shown  that  it  is  desirable  to  preserve  an  nncon- 
led  core  in  the  center  of  the  shaft,  as  excaTation  is  facilitated 
»tlj  thereby.  Care  mnnt  be  taken,  however,  that  the  annnlar  ice 
1  is  carried  well  below  the  water-bearing  material,  or  else  the  lower 
of  the  cylinder  must  be  frozen  solid.  The  latter  can  be  accom' 
ibed  by  the  insulated  central  tnbe  mentioned  ptevionslj  and  illus- 
«d  in  Fig.  11. 

Form  and  Required  Thickness  of  Ice  Wall. — Theoretical  discussions 
the  form  and  required  thickness  of  the  ice  wall  are  given  at  con- 
irable  length  in  the  Annaks  dee  Miuei,*  and  in  the  Bvlletin  de  la 
ate  de  rindtiitrie  Mineritle.^ 

Lack  of  knowledge,  as  to  the  pressures  to  be  sustained,  the  strength 
Ihe  frozen  material,  the  oondnctiTity  of  the  various  strata,  etc., 
ders  the  results  of  analytical  study  of  doubtful  value. 
Baolier  and  Waymel,  Engineers  of  the  Vicq  shafts,  state  that  the 
;zing  pipes  should  be  placed  on  a  circumference  of  2  ft.  greater 
ins  than  that  of  the  excavation.  This  statement  appears  to  repre- 
t  practice  fairly.  Excavation  is  seldom  started  until  the  ice  wall 
liick  enough  to  encroach  on  the  area  to  be  excavated,  and,  accord- 
ly,  the  thickness  is  rarely  less  than  3  ft. 

It  was  formerly  believed  that  the  form  of  the  wall  was  that  of  a 
Qoated  cone  with  its  greater  diameter  st  the  base. 
Observations  have  shown  that  the  frozen  mass  may  assume  any  of 
following  forms:  A.  truncated  cone  with  the  largest  diameter  at 
bottom;  a  truncated  cone  with  the  largest  diameter  at  the  top;  a 
inder;  a  series  of  cylinders  of  varying  diameter;  a  barrel  shape. 
The  base  may  be  either  flat,  concave  or  convex. 
Time  Required/or  CongekUion. — This  varies  greatly  with  the  nature 
the  material  and  the  thickness  of  the  ice  wall.    For  twenty-one 
kings,  of  which  the  data  are  available,  the  minimum  initial  freezing 
s.  p.  til:  1887,  p.  K:  isoo,  pp.  sn-iw. 
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period  was  16  days,  the  maiimam  365  days,  and  the  average  94 
The  initial  freezing  period  covers  the  time  from  Htarting  the  it 
chine  to  beginning  excavation.  CongelatioD  ie  commonly  cont 
natil  the  shaft  is  completed.  During  the  latter  period,  howeve 
tall  capacity  of  the  machine  is  seldom  required. 

Eccaoatiou.  —Ordinarily,  the  frozen  material  is  abont  as  diffic 
excavate  aa  soft  sandstone.  Formerly,  it  was  excavated  entiM 
the  use  of  picks,  wedges  and  chisels.  More  recently,  compi 
powder,  dynamite  and  gelignite  have  been  used  in  eeveral  instar 

Apparently,  the  use  of  explosives  has  not  cansed  any  damt 
the  ice  wall,  but  some  breaks  in  the  freezing;  tabes  have  been  a 
uted  thereto.  In  drilling  the  frozen  material,  brine  must  ofti 
used,  as  water  freezes  and  holds  the  drills  fast  in  the  holes. 

Lining. — Timber,  masonry  and  iron  are  commonly  used  (o 
lining.  Timber  and  iron  linings  are  usually  backed  with  con 
In  most  cases  it  has  been  found  necessary  to  add  some  substBi 
the  mortar  to  prevent  injury  from  freezing. 

Mr.  M.  F.  Bchmidt*  states  that  when  iron  lining  is  used,  in 
to  avoid  undue  contraction  and  expansion  due  to  extreme  chani 
temperature,  it  is  well  to  protect  the  lining  by  placing  betwi 
and  the  gronnd  some  non-conductor,  such  as  wood,  straw  or  g 
charcoal.  As  to  masonry,  it  is  desirable  to  use  a  tnorlar  mixei 
salt  water  and  pitch,  and,  moreover,  to  insulate  the  lining 
wooden  sheathing.  From  the  information  at  hand  it  does  not  a 
that  the  insulation  has  been  used  in  many  cases. 

Siihwai/  Work  or  Tunneling.— Figs.  2  and  3  illustrate  the  m 
suggested  by  Oobert  and  others  for  applying  the  freezing  proa 
the  constrnction  of  tunnels.  Thus  far,  however,  no  actual  trii 
been  made. 

QOBBRT   pBOCBSa. 

Tills  process  was  invented  by  A.  Gobert.  The  details  have 
worked  ont  quite  oarefolly,  and  a  great  deal  has  been  written 
the  system,  but,  as  far  as  the  writer  can  learn,  it  has  never  bee 
plied  in  practice. 

The  essential  difference  between  the  Oobert  and  Foetsoh  ay 
is  in  the  medium  used  for  cooling  the  ground.     Oobert  disp 
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witb  the  refrigerator  aai  cooling  brine,  and  allovs  the  liqnefled  un- 
rnonia  to  expand  in  the  freezing  tnbes  themeelvee.  Some  modiSca- 
tiona  of  the  fittings  are  reqnired,  prinoipaUj  in  the  oircntating  tabes. 
If  the  liquid  ammonia  were  allowed  to  pass  direotlj  to  the  bottom  of 
the  freezing  tabes  it  would  collect  there,  and  its  evaporation  would  be 
very  aloir.  Spiral  tubes,  perforated  at  freqnent  intervals,  ore  pro- 
posed, to  allow  the  escape  of  the  liquid  for  the  fnll  height  of  tha 
material  to  be  frozen.  Some  of  the  fittings  invented  b;  Mr.  Qobert 
are  shown  in  Pigs.  15,  16,  17  and  19. 

One  of  the  main  advantages  claimed  for  this  sjetem  ia  that  there  k 
no  tendency  for  the  freezing  medium  to  escape  into  the  ground  to  be 
frozen. 

In  the  Poetsoh  system,  the  pressure  at  any  point  in  the  freedng 
pipes  must  be  equal  to  the  weight  of  the  column  of  brine  above  that 
point.  This  is  always  greater  than  the  pressure  on  the  outside  of  the 
tnbes.  In  the  Qobert  system,  there  is  only  the  pressure  of  the  ex- 
panded gas,  which  is  always  less  than  the  outside  pressure.  Ac- 
cordingly, if  breaks  occur  in  the  freezing  pipes,  the  leak  will  be 
inward  instead  of  outward. 


Koch  PsocBsa 

The  writer  has  been  unable  to  find  any  very  complete  descriplioD 
of  this  process.  It  involves  the  direct  use  of  the  liquefied  gas  in  tbe 
freezing  tubes.  The  gas  used  may  be  either  carbonioacid,amniomaor 
a  mixture  of  dioxide  of  sulphur. 

The  freezing  tubes  are  divided  into  various  compartments  to  facili- 
tate expansion.  It  is  claimed:  First,  that  a  uniformly  distribnted 
temperature  of  — 50'^  or  — 60°  Cent,  is  obtained;  second,  that  this 
low  temperature  is  produced  as  soon  as  the  machine  is  started,  and, 
therefore,  the  freezing  tubes  contract  to  the  full  extent  before  they 
are  frozen  in  place,  there  would  be  no  tendency  to  ruptore  the 
pipes,  as  in  the  Poetsoh  process,  where  the  reduction  of  the  tempen- 
ture  is  gradual ;  third,  that  the  time  required  for  congelation  » 
reduced  one-half.  The  freezing  machine  and  connections  are  show  d 
in  Pig.  20. 

From  the  information  at  hand,  it  appears  that  this  prooeas  only 
difiers  in  detail  from  that  of  Gobert,  but  Louie  Gebfaardt  is  quoted  M 
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saying:  "  The  Eoob  process  will  solve  all  difficulties  met  in  actnil 
practice. "  No  accounts  have  been  found  of  an;  sotnal  application  of 
the  Bystem  in  sinking  a  shaft  or  driving  a  tnnnel. 

FuBKZiHa  BT  Cou)  Ant. 
The  only  direct  application  of  oold  air  that  has  been  found  was  at 
Stockholm,  and  that  is  described  under  the  head  of  the  Stockholm 
Tnnnel.     This  is  also  the  only  case  found  vhere  the  freezing  prooeN 
has  been  applied  to  tnnnel  work. 

Afpucation  of  FsBEzma  Pbocesses. 

Archibald  Shaft. — This  shaft  belongs  to  the  Donglas  Company,  and 
is  located  at  Schneidlingen,  Saxony.  This  was  the  first  practical 
application  of  the  Poetsch  process.  The  work  was  done  during  tlu 
year  1883.  A  shaft,  1G.4  x  10.3  ft.,  was  sunk  to  a  depth  of  111.6  5. 
throngh  solid  and  fairly  compact  measures  by  pumping.  At  this 
depth  very  watery  quicksand  was  eucountered.  A  bore-bole  was  put 
down,  throngh  the  quicksand  and  underlying  measures,  into  a  previ- 
ously existing  heading  of  the  mine.  The  object  of  the  bore-hole  irw 
to  drain  the  quicksand,  and  a  considerable  flow  of  water  was  set  np 
throagb  the  channel.  Sinking  was  then  resumed  by  means  of  skMl- 
piles,  but,  after  an  advance  of  4.3  ft. ,  the  work  had  to  be  abandoned, 
and  it  was  turned  over  to  Mr.  Poetsch.  The  material  to  be  congeiled 
consisted  of  18  ft.  of  quicksand.  Twenty-three  wrought-iron  tubes 
were  put  down  through  the  quicksand  and  1  ft.  7  ins.  into  the  lignite. 
Owing  to  the  difficulty  of  enlarging  the  shaft,  all  the  freezing  pipe* 
were  placed  inside  the  area  to  be  excavated;  ten  of  them  were  plwed 
close  to  the  sides  of  the  shaft.  Their  arrangement  is  shown  in  Fig- 
21.  The  pipes  were  8  ins.  in  diameter,  and  were  closed  at  the  bottom 
by  inserting  wooden  plugs.  The  plugs,  in  turn,  were  covered  with 
2  ins.  of  oement  aud  2  ins.  of  plaster  and  clay.  The  inner  or  circulat- 
ing tubes  were  about  2  ins.  in  diameter.  The  distributing  and  collect- 
ing rings  were  placed  at  the  level  of  the  top  of  the  freezing  tubes,  or 
111. 6  ft.  below  the  surface. 

A  Carr^KropS  machine,  capable  of  producing  half  a  ton  of  ice  per 
hour,  w«a  used  for  freezing.  The  freezing  solution  was  chloride  of 
oatoinm.     To  observe  the  progress  of  congelation,  twenty  small  pipes> 
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IB.  in  length,  were  Bnnk  into  the  qnickeaiid  and  filled  with  »  aoln- 
of  chloride  of  oftloiam.     Inside  these  pipes  thermometers  were 

Enable  No.  1  shows  the  temperature  at  varions  points  in  the  shaft 
38  beginning  of  the  freezing  proceee  aad  at  the  end  of  the  initial 
sing  period. 

■      TABLE  No.  1. 


JolTStfa. 

JulyBlBt. 

Dorth  ■•  ."!:;'.'.'.;■.:::; 

'be  temperatnreB  of  the  ground  at  the  sides  were  taken  as  near  as 
ible  to  the  freezing  tubes.  Owing  to  the  fact  that  the  npper  ends 
lie  freezing  pipes  were  4.3  ft.  above  the  quicksand,  there  was  con- 
rable  loss  by  radiation.  The  stream  flowing  through  the  center  of 
ihaft  also  had  the  efiect  of  warming  up  the  freezing  solution  and 
itarding  the  progress  of  congelation.  Fifteen  dajs  after  the  freez- 
naohine  was  started,  the  ground  over  the  entire  area  of  the  shaft, 
about  30  ins.  outeide,  was  frozen  solid. 

.  small  shaft  was  flret  excavated  to  the  coal.  This  shaft  was  tim- 
d,  temporarilj,  every  3  ft.  Coal  was  reached  on  September  30th, 
irgement  of  the  shaft  to  full  size  was  then  started  at  the  bottom, 
uncovering  all  the  freezing  tubes.  It  was  found  that  radiation 
the  pipes  could  uot  be  depended  upon  for  maintaining  the  ice  wall 
e  exposed  pipes  were  coated  with  boar  fropt  rapidlj.  Excava- 
had  to  be  suspended  until  the  wall  had  attained  such  a  thickness 
it  would  not  be  in  danger  of  thawing  ant  during  the  remaining 
stions.  Excavation  was  carried  on  bj  means  of  picks,  no  powder 
g  used.  The  shaft  was  perfectly  dry,  and  the  soil  was  as  hard  as 
stone.  It  was  worked  by  means  of  picks,  wedges  and  mauls, 
temperature  at  the  bottom  of  the  shaft,  while  the  sinking  opeta- 
1  were  in  progress,  varied  from  0.5°  to  l'>  Centigrade.  The  men 
not  suffer  any  bad  effects  from  the  cold.  The  permanent  lining  of 
ihaft  ooDsisted  of  timber  cribs.  It  is  stated  that  perfectly  dry 
>er  must  be  used,  as  frost  is  likely  to  shatter  green  or  wet  timber. 


b,  Google 


38  FBEBZIITO  A.B  AIT  AID  TO  BX< 

The  following  table  of  ooata  of  the  differen 
to  tha  maaoger,  Hert  Frohberg: 

Flaoing  pipes 

Sinking  (131.2  ft) 

Lining 

CongeUtion  (100  d»je) 

Intereet  on  capital  and  sinking  fund . . 

Carriage  of  plant 

Election  of  plant 

Saperintendence  and  traTeling  expense 

Total 

Mtcht^koaHi  CoUiery. — The  Max  voikinf 
Hiitte,  Province  of  Sileeia,  Oermanj.  Siokii 
at  this  shaft  daring  the  year  1884.  An  attem 
shafts,  164  ft.  apart.  The  first  was  excavate 
by  ordinary  means.  At  that  depth  qnicksai 
vork  was  ooatinaed  bj  the  use  of  sheet-pilei 
pit  was  246.1  ft.  below  the  surface.  As  the  < 
to  205  on.  ft.  per  minnte,  work  had  to  be  ato 
the  shaft  was  closed  with  a  bulkhead,  3.3  ft. 

The  nature  of  the  material  is  shown  by  tl 

Alluvial  sand 46.9  ft.     Hard  Bh< 

Clay  (Uttle  water) 62.3   "      Variegat 

Tota 

At  this  depth  coal  was  reached. 
The  shaft  was  square  in  plan,  22  ft.  11  ins 
Forty-two  freezing  pipes,  of  8  ins.  inside 
in  the  bottom  of  the  shaft.  The  manner  of 
the  tubes  is  shown  in  Fig.  21.  The  tnbes  w( 
tion  outward,  and,  at  their  lower  ends,  were 
for  recaivin^  a  lead  plug.  On  attempting  to 
was  found  that  the  pipes  were  not  all  of  th( 
moreover,  some  of  them  had  assumed  an  t 
prasaare  of  driving.  Under  these  oircnmst 
deal  of  difficulty  in  closing  the  ends.     After 
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it  was  fonnd  that  eleven  pipes  leaked.  Smaller  pipes,  closed  at  t 
lower  ends,  were  placed  inside  the  defective  tabes,  and  operat 
vere  resumed. 

A  Carrg-Eropff  machine,  capable  of  makiughalt  aton  of  ice  per  b< 
was  used  for  oonf^lation.  After  the  measares  had  been  cooled  to 
Oent.,  the  machine  broke  down,  and  freezing  was  stopped  for  a  w 
During  this  delaj  the  ground  resumed  its  original  temperature.  H 
while,  the  owners  of  the  collierj  had  proceeded  with  the  necond  al 
without  encountering  as  much  difficulty  as  in  the  first. 

When  thej  reached  a  level  lower  than  the  bottom  of  Shaft  K< 
the  water  was  drawn  from  the  first  shaft,  aud  there  was  no  longer 
need  for  the  freezing  process.  Boon  after  this  the  time  limit,  ni 
which  Mr.  Foetsch  had  ooatracted  to  complete  the  freedng,  ezpi 
The  temperature  of  the  measures  was  atill  at  +  1°  Cent.,  and 
attempt  at  congelation  was  discontinued.  The  failure  at  this  poii 
attributed  to  delays  due  to  the  timber  in  the  shaft  and  the  aooid 
to  the  plant  itself.  It  is  claimed,  also,  that  the  pumping  from 
second  shaft  retarded  the  freezing. 

Emilie  GMtery,  Pumping  Shaft. — This  colliery  is  located  near 
sterwald,  Brandenbui^,  Prussia. 

The  sinking  by  the  freezing  process  was  commenced  in  1884 
completed  in  1886.  An  attempt  was  made  to  sink  both  the  pum 
and  the  winding  shafts  by  ordinary  means,  but  both  failed  and  < 
were  filled  up.  The  freezing  process  was  then  adopted,  but 
sites  were  chosen. 

The  material  penetrated  was  as  follows: 

Tellowssnd 3,3ft,     Rough  gray  «and,   very 

Fine  white  sand 6.6  "  aquiferous 19.' 

'Coarse  gray  sand  11.5  "      Coarse  gray  s 

Coarse  gravel 3.9  "      Fine  gray  sai 

Dry,  rough  sand 7,5  *'      Fine  brown  si 

Damp,  rough  saud 26.3  "  Total 

Lignite. . 

The  strata  are  all   very  aquiferous.     The  ni 
level  was  at  a  depth  of  29,5  ft. 

The  shaft  has  a  clear  diameter  of  8.8  ft. 
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A  sqiiwe  pit,  16.5  ft.  on  r  side,  wu  sunk  to  a  depth  of  26  ft.,  and 
rom  the  bottom  twelve  boriDgs  were  made  on  the  oiroomfereuoe  of  a 
irole  having  a  diameter  of  about  14  ft.  The  bore-holes  were  inoUned 
lightly  onlward.  The  liningB  of  the  bore-holes,  plngged  at  their 
)wer  ends  with  lead  and  concrete  separated  by  iron  waahera  with 
nbber  joints,  served  as  the  freezing  tnbea.  The  depth  of  the  pipes 
uied  from  125.6  to  128  ft.,  and  the  penetration  into  the  lignite  from 
T  to  3.1  ft.  The  relative  positionB  of  the  old  and  new  shafts,  ac  well 
s  the  arroDgement  of  the  freezing  tubes,  ate  shown  in  Fig.  21.  It  was 
>imd  that  Hole  No.  2  varied  too  much  from  the  perpend icnlar,  and 
wo  more  holes  were  pnt  down  to  take  its  place.  This  work  was  not 
Dmpleted  nntil  congelation  had  been  began. 

A  Cart^-Eropff  machine,  having  a  capacity  of  half  a  ton  ot  ice  per 
ont,  waa  aaed.  The  freezing  solution  was  oaloinm  chloride.  The 
lachine  was  running  regularly  by  Jnne  2iith,  and  on  Angnet  8th  the 
iwer  was  formed,  except  near  Holes  Nob.  1  and  2.  Sinking  was 
.arted  before  this  gap  was  closed,  bnt  water  came  in,  stopping  the 
ccavation.  Attempts  to  contiaae  by  pumping  weakened  the  ice 
all,  but,  on  September  8th,  it  was  sufficiently  strong  to  allow  the 
sumption  of  excavatioa. 

The  shaft  was  lined  with  timber  temporarily,  and,  on  October  Slst, 
le  coal  seam  was  reached.  It  was  found  that  the  center  was  not 
ozen,  the  congealed  matter  having  taken  the  form  of  a  bottle, 
efore  the  temporary  lining  could  be  completed,  water  buTst  in,  and 
le  bottom  was  filled  with  gravel.  By  continoing  congelation  the 
ak  was  stopped.  Timber  cribs  were  inserted  next,  near  the  top  of 
le  lignite,  forming  the  base  for  the  permanent  masonry  lining.  On 
ovember  20th,  when  the  height  of  the  permanent  lining  was  16.4  ft. , 
le  laachine  was  stopped  for  four  days,  when  the  ice  wall  gave  way 
id  sandy  water  roee  between  the  masonry  and  the  sides  of  the  pit. 
his  leak  was  checked  by  starting  the  machine,  but,  on  December 
Ith,  a  fresh  inburst  oconrred.  It  was  found  necessary  to  fill  the 
taft  with  ice  and  snow,  after  which  the  walls  were  congealed  thor- 
nghly  in  a  short  time.  The  lining  was  completed  about  April  Ist, 
i85.  Most  of  the  trouble  with  the  ice  wall  is  attributed  to  starting 
■a  excavation  before  the  congelation  had  been  completed,  and  to  the 
wt  that  the  pipes  were  not  sunk  deep  enough  into  the  coal. 
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,  Th«  ooBt  is  anmmarized  as  follows : 

AUowftDOP  for  ioterest  and  oost  on  plant,  2G 

pQtoent  ofS14  610 8S  662.60 

Cost  of  carriage  of  plant 974.00 

Erection  and  establishment 4  675.20 

Use  of  freezing  maohine  two  fanndred  and 

fortj  days 2  834.34 

Sinking  and  lining 1860.60 

SupeTintendeooe,  etc. 1860.84 

Total «15  846.98 

Cost  per  foot $126.80 

EmilU  ColUeiy,   Windinff  Shaft.— Thiti  sliftft   was  located  147.6 
from  the  pnmping  shaft     It  was  built  during  the  year  1885. 

A  reotangniar  shaft  was  sunk  hy  ordinary  means  to  a  depth  of  S! 
ft.,  or  about  3  ft.  below  the  water  level.     Below  this  depth,  the  ah: 
is  an  ellipse  having  a  major  axis  of  13  ft.  2  ins.,  and  a  minor  axis  of 
ft.  1  in.     A  plan  and  vertical  section  are  shown  in  Fig.  21.     Sixte 
refrigerating  pipes,  about  1  m.  apart,  were  pnt  down  sarronuding  t 
ellipse.     The  total  depth  of  the  boles  varied  from  117.3  to  121.41 
and  the  penetration  in  the  lignite  was  from  1,0  ft.  to  3.8  ft.     Sinki 
wa.1  begun  on  Jane  11th,  1885,  and  had  reached  a  depth  of  94. 3  ft. 
August  15th,  when  it  was  found  that  some  of  the  pipes  were  not  tight 
the  bottom.     Excavation  had  to  be  suspended  until  October  9th,  to  t 
able  fresh  pings  to  be  put  in.    Near  the  bottom  of  the  shaft  the  ice  w: 
gave  way  on  several  occasions,  and  the  pit  was  filled  partially  wj 
sand.     The  lignite  was  reached  on  November  E 
ward  the  masonry  lining  was  started.     The  mo. 
prevented  from  freezing  by  steam  led  through 
lining  was  completed  on  December  12th,  1885. 
thickness  of  the  ice  wall  to  be  2  ft.  or  more  doi 
At  that  depth  it  decreased  to  10  ins.  qnite  sadd 
water  and  sand  burst  into  the  shaft.    The  deer 
attributed  to  leaking  pipes.    Tbe  cost  per  foot  ai 

Geiilrum  Giilliery. — This  colliery  is  located  at  E 
Brandenburg,  PrusBia,  and  is  owned  by  Dr.  W. 

Host  of  the  work  was  done  during  the  year  1 
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lade  to  sink  the  shaft  hj  pumping,  bnt  this  method  had  to  be 
jaadoned  at  a  depth  of  62.5  ft.     The  Poetach  prooeBB  was  then 
lopted. 
The  materia]  through  which  the  shaft  was  snnk  is  as  followe: 

eUow  aandf  clay 14.7ft.     Coaree  sand  2.1ft. 

raj  sand;  clay 6.6  "      Sandy  clay 13.9  " 

ray  sand 0.5  "      White  qaarteoee  sand . . .  M.O  " 

indy  clay lao  "  Total 101.8  ft. 

The  gronnd-water  is  at  a  depth  of  11.8  ft. 

For  a  depth  of  19.7  ft.  the  old  excavation  was  enlarged  to  a  reot- 
Dgnlar  section,  11  ft.  2  ins.  x  19  ft.  8  ins.  Below  this  depth  the  shaft 
as  also  a  rectangle,  bnt  only  13  ft.  1  in.  x  7  ft.  7  ins.  Fig.  21  shows 
plan  and  vertical  section. 

At  the  bottom  of  the  enlarged  shaft,  sixteen  freezing  pipes,  fonr  on 
side,  wore  pnt  down  parallel  to  the  sides  of  the  small  shaft  and  ont- 
de  its  area.  The  freezing  pipoH  were  7  ins.,  outside  diameter,  and 
I  in.  thick,  and  their  bottoms  were  106.6  ft.  below  the  surface  of  the 
round.  The  lower  ends  were  closed  with  lead  pings.  The  7-iii.  pipes 
ided  a  short  distance  above  the  bottom  of  the  enlarged  shaft,  and 
ere  oonnect«d  with  the  collector  ring,  which  was  above  the  surface  of 
le  groand,  by  smaller  bent  pipes. 

Congelation  was  started  on  April  lltb,  and  sinking  on  June  Sth. 
>uring  the  greater  part  of  this  time,  the  water  stood  in  the  shaft  at  its 
stnral  level. 

The  ground  in  the  middle  of  the  shaft  was  thawed  by  steam,  and 
J  this  means  was  formed  a  shaft  the  sides  of  which  were  attacked  by 
icke.  When  the  excavation  had  reached  a  depth  of  Q2.5  ft.,  a  break 
I  the  ice  maohine  caused  a  suspension  of  congelation  for  a  month. 

The  surface  water  flowed  down  over  the  frozen  wall  and  raised  the 
imperatnre  to  +10-  Centigrade.  Accordingly,  the  work  of  sinking 
SB  stopped  and  the  shaft  filled  with  water.  Two  weeks  after  the 
laohiue  was  started,  excavation  was  again  resumed,  and  the  coal  was 
wohed  ou  October  11th.     The  daily  progress  was  about  2.8  ft. 

The  timber  lining  was  completed,  except  the  last  crib  at  the  bot- 
im,  when  a  bore-bole  waa  put  down  into  the  lignite  which  was  found 
:>  be  frozen  to  a  depth  of  110.9  ft.  below  the  surface  of  the  ground, 
hi  the  following  day,  water  burst  into  the  shaft,  through  the  bore- 
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hole,  tad  enlarged  the  cliaonel  Mpidl;.  The  shaft  was  pumped  out 
on  seTeral  occasionB,  but  the  lining  was  not  completed.  A  second  ac- 
cident to  the  ice  machine  added  to  the  diffionlties,  and,  flnallj,  a  ping 
at  the  bottom  of  one  of  the  freezing  pipee  blew  ont,  allowing  the  liquid 
to  escape.  The  latter  accident  made  the  completion  of  the  lining  im- 
possible. The  shaft,  however,  was  nsed  for  pumping  parposes  for  a 
couple  of  jeara,  or  nntil  the  mine  was  abandoned  for  reasons  not  con- 
nected with  this  shaft. 

The  cost  is  stated  b;  Mr.  Poetach  to  have  been  S162.00  per  foot. 

The  failure  to  complete  this  shaft  satis factorilj  is  said  to  have 
been  due  to  not  sinking  the  freezing  tubes  far  enough  into  the  lignite, 
and  to  delaying  the  completion  of  the  lining. 

Sloclchoim  Tunnel. — This  tunnel  is  in  Stockholm,  Sweden,  and  was 
built  during  the  years  1884  to  1866,  inclnaiTe. 

It  was  designed  aud  built  by  Captain  Lindmark.  The  object  was 
to  afford  easy  communication  for  pedestrians  between  two  parts  of  the 
city  separated  by  the  ridge,  a  cross-seotioD  of  which  is  shown  in 
Fig.  24.  The  eastern  end  of  the  tunnel,  beiug  mostly  in  rook, 
was  constructed  in  the  usual  manner,  and  caused  little  trouble.  At 
the  west  end  the  Rziha  system  was  at  first  adopted.  The  iron  wait 
shown  in  Figs.  26,  27  and  28  was  also  devised  for  supporting  the  face. 
After  au  advance  of  40  ft.  by  the  above  means,  a  considerable  subsi- 
dence had  taken  place,  and  work  had  to  be  diecontinned.  Gaptain 
Lindmark  then  decided  to  freeze  the  earth  before  proceeding  farther. 

The  tunnel  b  12  ft.  8  ins.  high  and  13  ft.  2  ine.  wide.  The  cross- 
section  is  shown  in  Fig.  25.  The  length  is  768  ft.  Fig.  22  is  a  plan 
of  the  work,  Fig.  23  is  a  cross-section,  and  Fig.  24  is  a  profile  of  the 
street  and  tunnel.  The  relation  of  the  rock  and  earth  is  shown 
clearly  by  the  profile.  The  rock  was  granite.  For  the  first  120  ft. 
from  the  west  end,  the  material  consisted  of  coarse  gravel  intermixed 
with  large  stones  and  a  small  quantity  of  wet  clay.  On  account  of 
the  water  it  contained,  this  material  had  no  cohesion  whatever,  and 
would  run  through  a  very  small  opening.  The  remaining  portion  of 
the  tunnel,  before  entering  the  rock,  penetrated  pure  aanA  possessing 
considerable  cohesion. 

For  freezing  the  earth,  a  Ltghtfoot  dry-air  machine  was  used.  It 
was  capable  of  delivering  about  26  000  cu.  ft.  of  air  per  hour.  The 
air  left  the  machine  at  a  temperature  of  — 56°  Centigrade.      The 
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:ted  B8  olase  to  the  heading  as  practicable,  ai 
iras  formed  bj  partitioning  off  the  heading, 
vable  and  conaisted  of  a  double  wall  of  plan) 
il.  After  the  machine  had  been  diBcharging 
ig  chamber  for  eixtj  hours,  it  was  found  that 
rial  bad  been  frozen  to  depths  varying  from  5  f 

near  the  top.  At  the  crown  no  freezing  took  pi 
t  the  bottom  was  as  low  as  — 10''  Cent.,  bnt  tbi 

steadilj  at  0°  Centigrade. 

i  started  at  the  top.  the  roof  being  supported 
Lven  into  the  uncongealed  material  at  Ibe  cri 
I  was  considered  an  advantage,  as  it  is  said  the 
a  be  supported  ia  an;  event,  and  the  driving  of 

made  much  easier  thereby.  The  heading  was 
of  5  ft.,  and  the  face  was  supported  by  the  iron 
>p  downward  to  within  about  8  or  9  ft.  of  the  11 
<o  solid  that  it  was  not  found  necessary  to  sup 

of  the  face.    After  the  first,  the  freezing  maol 

10  to  12  hours  during  the  night.  At  the  end  of  I 
ure  was  from  —20°  to— 26°  Cent.,but  soon  after 
ed  it  rose  to  zero.  After  heavy  rains  it  was  ne 
achine  somewhat  longer.  When  two  sections 
he  partition  was  moved  forward.  The  size  of 
aried  from  3  000  to  ti  000  cu.  ft.  A  length  of  abou 
instructed  by  this  means.    The  material  then  beo 

allow  the  excavation  to  proceed  without  freez 
ss  while  congelation  was  used  was  about  1  ft. 

I  built  as  rapidly  as  possible  after  the  partition 
'd  and  while  the  ground  was  still  frozen.  The  i 
mposed  of  1  part  of  Portland  cement,  2}  part 
t  granite.  The  lining  did  not  appear  to  suffer 
om  the  frozen  material  behind  it. 
took  place  on  the  north,  but  the  house  on  the  so 
.  producing  some  small  cracks. 

Pit  No.  S.— This  colliery  belongs  to  the  Soc 
'bonages  de  Houssn,  and  is  situated  at  Haine-S 
ice  of  Hainaut,  Belgium. 
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The  Foetsch  procesB  woe  adopted  in  1886.  and  the  work  was  not 
impleted  ontil  near  the  end  ot  1887.  At  first,  aa  attempt  waa  made 
I  sink  bj  pompiDg,  aa  a  bore-hole,  some  GO  ft.  awaj,  did  not  disclose 
17  nnosnal  difBonlties.  At  a  depth  of  82  ft.  a  stream  of  water,  yield- 
Lg  aboat  7,3  on.  ft.  per  mionte,  was  enconntered,  bat  the  pnmpa  were 
)le  to  handle  this  amonnt.  When  the  bottom  of  the  pit  had  been 
krried  down  to  a  depth  of  196  ft.,  and,  while  excavating  in  hard  marl, 
aicksond  and  water  hnrst  in  tbrongh  the  floor.  The  water  rose  to  a 
Dint  82  ft.  below  the  anrfoce,  and  the  lower  portion  of  the  excavation 
as  filled  with  quicksand  to  a  heiglit  of  20.S  ft.  The  thicknese  of  the 
ilid  marl  through  which  this  inrush  took  place  was  determined 
[terward  to  have  been  1.9  ft.  Attempts  to  takeout  the  water  and  pro- 
led  with  the  excavation  were  without  result,  and,  as  the  best  means 
ir  saving  the  work  done,  the  freezing  process  was  adopted.  The  shaft 
.  circular,  and  its  internal  diameter  is  13  ft.  1  in.  There  is  some 
infiict  aa  to  the  nature  of  the  material  which  was  to  be  congealed. 

The  following  represents  its  nature  approximately: 
and    which  had  flowed  Sand,  with  pyrites 1.6  ft. 

into  the  pit 19.7  ft.     Black  sand,  with  lignite 

[ard  marl 4.9  "  and  shells 5.8  " 

and,  with  pebbles 15.1  "      Blacksandjclaj, pebbles, 

ilncksand,  with  traces  of  pyrites  and  l^ite 1.3  " 

clay 1.0  "       Fine-grained  black  sand.      1.3  " 

rgillaceous  sand 0.9  "      Black  earthy  and  sandy 

audy  clay 2.3  "  clay,  with  pyrites  and 

'onsistent    gray     plastic  fossil  wood 3.3  " 

clay 1.2  "       Black  argillaceotis  sand. 

Hack  sand 0.5  "  with  pyrites 2.0  " 

Ireen  gravel,  with  shells    0.5  •'  Total 61.4  ft. 

After  clearing  the  water  from  the  pit,  ite  size  was  increased  grad- 
lall;  from  the  depth  of  144.3  ft.  to  that  ot  177.2  ft.,  so  that  its  diame- 
er  at  the  Utter  depth  was  19  ft.  8  ins.  From  the  ledge  thus  formed, 
•n  the  circumference  of  a  circle  having  a  diameter  of  16.79  ft., 
ighteen  freezing  pipes  were  put  down.  The  bottoma  of  the  tttbes 
rare  at  a  depth  of  246  ft.  below  the  surface,  and,  therefore,  they  were 
19  ft.  long.  The  outside  or  freezing  tabes  were  6  ins.  in  diameter,  and 
ihe  inside  or  circulating  tubes  2  ins.     The  boring  for  and  placing  of 
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tnbea  ooonpied  five  and  a  half  moutlis.  The  oironlftting  uid  return 
rings  were  placed  near  the  level  of  the  bench,  and  weie  connected 
with  the  freezing  tubes  in  the  neaal  manner.  A  aisgle  well-lagged 
pipe  led  from  each  of  the  rings  to  the  cooling  apparatus,  thns  com- 
pleting the  circuit.  The  arrangement  of  the  inbes  is  shown  in  rer- 
tical  section  in  Fig.  21. 

Congelation  was  started  on  December  12th,  1886,  with  a  Corr^- 
KropfT  maobiae  capable  of  producing  about  900  lbs.  of  ice  per  bour. 
After  six  months,  the  temperature  of  the  sand  was  found  to  be  at  0° 
Cent. ,  and  it  was  not  auflicientlj  solid  to  allow  the  work  of  excavation 
to  be  began.  Mr.  Foetsch  attributes  the  inefficiencj  of  the  first 
machine:  First,  to  its  distance  from  the  freezing  tubes,  177.1  ft. ;  and, 
second,  to  the  influence  of  the  warm  water  said  to  come  from  the  con- 
denser of  a  200-H.-P.  engine  at  another  shaft.  He  estimates  that 
these  two  sources  absorbed  at  least  50\  of  the  output.  The  water 
had  been  allowed  to  stand  at  its  natural  level,  82  ft.  below  the  surface. 

Bf  the  advice  of  Mr.  Poetaoh,  the  pit  was  kept  dry  hj  pumping, 
and  the  capacitj  of  the  freezing  plant  was  doubled,  but  about  five 
months  more  elapsed  without  result.  Mr.  Foetsch  then  discovered 
that  one  of  the  freezing  pipes  waa  broken,  allowing  the  nncongealable 
liquid  to  esoape,  and,  also,  that  the  large  quantitj  of  water  pumped 
had  a  temperatnre  of  11°  or  12°  Centigrade.  The  broken  tube  was 
repaired  and  pumping  stopped.  The  freezing  of  the  ground  Was  then 
completed  successfully  in  four  weeks.  The  process  of  congelation 
oonsnmed  one  year.  The  freezing  liquid  was  a  solution  containing 
about  23^  of  calcium  chloride.  Ihiring  the  latter  part  of  the  process 
the  temperature  of  the  liquid  on  leaving  the  machine  was  about  — 25° 
Cent.,  and  on  returning  it  waa  about  4°  higher.  Sinking  waa  car- 
ried on  bj  meana  of  picks  and  wedge  needles.  A  shaft,  about  11 
ft.  square,  was  put  down  to  the  coal  first,  by  gangs  of  four  men  working 
in  6-hour  shifts.  After  excavating  a  depth  of  8  ft.,  temporary  timber- 
ing waa  put  in  and  excavation  resumed.  The  rate  of  progress  was 
about  1  ft.  7  ins.  per  day.  An  attempt  was  made  to  thaw  the  earth  by 
means  of  steam.  Five  cylinders  of  plate  iron,  3  ft.  3{  ins.  high  and 
2  ft.  7  ins.  in  diameter,  were  placed  on  the  shaft  floor.  The  cylinders 
were  open  at  the  bottom,  and  steam  waa  admitted  at  the  top.  This 
apparatus  was  too  onmbersome,  and,  besides,  it  produced  a  mud  that 
was  very  disagreeable  to  work  in,  and  its  use  waa  soon  abandoned 
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After  the  completion  of  the  adTRnce  shaft,  it  wae  enlarged  from  the 
bottom  up  and  the  shaft  lined  with  cast  iron,  1}  ins.  thick.  The  iron 
lining  was  backed  with  concrete.  The  cement  was  found  to  Bet  satin- 
faotorilj.  Sea  salt  was  added  to  the  mixing  water  at  first,  but  was 
fonnd  to  be  nnnecessar;.  The  iron  lining  was  carried  up  to  the  baae 
of  the  old  work,  where  it  was  joined  with  a  masonry  lining  pkced 
previonsly. 

At  the  depth  of  177  ft.  below  the  sarface,  work  on  the  lining  waa 
BUBpended  to  allow  the  removal  of  the  freezing  tubes.  On  Febmarr 
14th,  1668,  about  two  months  after  congelation  had  been  stopped, 
quickaaad  barat  into  the  shaft  through  one  of  the  holes  from  which 
the  freezing  pipe  had  been  withdrawn.  Work  wbb  at  once  resumed 
on  the  lining,  and  the  remaining  tubes  were  left  in  place. 

Simft  at  C/iapin  3fiiie.—TbiB  ahaft  is  at  Iron  Mountain,  Michigan. 
The  contract  for  the  work  was  let  in  1887,  and  the  shaft  was  completed 
in  the  early  part  of  1669. 

The  Chapin  Mining  Compauj  found  it  advisable  to  locate  a  shaft 
near  the  center  of  a  small  valley  crossing  its  property.  Previous  at- 
tempts to  sink  by  ordinary  means  had  failed,  and  a  contract  was  made 
with  the  Poetsch-Sooy smith  Freezing  Company,  to  sink  by  the 
Poetsch  system. 

The  rock  and  ore  beds  approached  the  surface  on  both  sides  of  the 
valley,  but  dipped  down  under  the  center,  and,  at  the  point  where  the 
abaft  was  located,  they  were  covered  by  about  95  ft.  of  loose  material. 
The  overlying  formation  was  sand  interspersed  with  layers  of  gravel 
and  boulders.  Many  of  the  boulders  were  of  large  aize  and  were 
packed  so  closely  that  they  had  the  appearance  of  having  been  laid 
by  a  mason.  The  sand,  which  waa  fine,  had  a  little  clay  mixed  with 
it,  and  was  very  unstable.  The  miners  aaid:  "It  will  run  where  water 
will."  The  level  of  the  ground-water,  originally,  had  been  close  to  the 
surface  in  the  center  of  the  valley,  but  pumping  at  other  points  had 
lowered  it  to  a  depth  of  about  10  ft.  at  the  shaft. 

Careful  experiments  showed  that  the  fine  sand  oontained  about 
17%  of  water;  the  proportion  in  the  other  materials  was  not  nearly  as 
great.  The  relations  of  aaad  and  boulders  are  shown  iu  Fig.  29.  The 
shaft,  originally,  was  intended  to  be  circular,  but  was  chutged  to  a 
rectangular  form,  15|  x  16J  ft. 

The  freezing  tubes  were  placed  on  the  periphery  of  a  circle,  29  ft> 
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diameter.  Hr.  Mor«a  and  Engineering  NeiB»  state  that  twenty-aix 
pes  vere  used,  while  Sir.  Abbott  gives  their  nitmber  as  twentjr-seveD. 
le  bore-holes  were  cased  with  lO-iu.  pipes,  and  great  difficulty  was 
and  in  keeping  them  plnmb,  partiflnlarly  in  passing  through  the 
nlders.  As  soon  as  the  oasSngs  bad  penetrated  the  ledge,  ti-in. 
lezing  pipes  were  lowered  into  place  and  the  casings  withdrawn. 
le  freezing  tabes  had  flnsh  joints,  both  inside  and  outside,  were  |  in. 
ick,  and  Tftried  in  length  from  87  to  97  ft.  The  joints  were  tested 
der  heavy  pressure  as  the  pipe  was  lowered  into  position.  The 
lei  tubes  were  1|  ins.  in  diameter.  The  flttiags  at  the  top  of  the 
teziog  tubes  are  shown  clearly  in  Fig.  1. 

A  Linde  machine,  having  a  refrigerating  capacity  of  50  tons  daily, 
ts  used  for  congelation. 

The  motive  power  was  an  AUia-Corlisa  engine  using  compressed  air 
60  lbs.  pressure  and  developing  65  H. -P.  at  sixty  revolntious  per 
inate.  The  freezing  medium  was  a  '&%  solution  of  the  ordinary 
loride  of  calcium  of  commerce.  About  200  cu.  ft.  of  brine  were  used, 
d  made  a  complete  circuit  every  33  minutes.  The  teniierature  of 
e  brine  on  returning  from  the  tubes  is  shown  graphically  in  Fig.  30. 
lis  diagram  also  shows  the  temperature  of  the  atmosphere,  which 
d  a  very  considerable  efiect  on  the  condeusing  water  need  for  liqne- 
ing  the  ammonia.  The  temperature  of  the  brine,  as  it  entered  the 
beg,  was  about  1°  Gent,  lower  than  on  returning  to  the  cooling  tank. 
test  pipe  midway  between  two  freezing  tubes  was  frozen  on  the  sixth 
>y  after  the  refrigerating  machine  was  started,  and  a  second  pip**.  5 

3  ins,  inside  the  circle  of  congelation  tubes,  was  frozen  on  the 
'enty-flrst  day.  Tests  of  the  frozen  sand  gave  an  average  tensile 
rangth  of  431  lbs.,  and  a  corresponding  compressive  strength  of  575 
s.,  per  square  inch. 

Eioavation  was  started  fifteen  days  after  the  refrigerating  plant 
a  put  in  operation.  On  the  tweuty-third  day  after  freezing  began 
e  machine  had  to  be  stopped,  as  the  supply  of  compressed  air 
iled.  Congelation  was  suspended  for  60  hours;  consequently,  eica- 
tion  and  timbering  were  stopped  until  the  twenty-eighth  day.  From 
is  time  until  the  ninety-third  day,  excavation  was  carried  on  without 
ly  interruption,  except  for  placing  timber.  For  the  last  thirty  days, 
iter  had  been  coming  up  through  the  uncougealed  core.  The  water 
mained  clear  until  the  ninety-third  day,  when  it  increased  in  vol- 
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ume,  Bad  eand  began  to  come  with  it.  As  the  volume  of  both  Band 
and  vsteT  uioreased  rapidly,  the  shaft  was  at  once  filled  vith  wat«r, 
in  order  to  equalize  the  pressure  and  thus  prevent  further  flow.  An 
additional  freeziag  pipe  was  put  down,  and  the  leak  was  olosed.  On 
the  one  hundred  and  thirty-fifth  day,  when  the  bottom  of  the  pit  waa 
7  or  8  ft.  in  the  rock  ledge,  water  and  sand  again  bnrat  into  the  shaft 
along  the  upper  surface  of  the  ledge.  The  water,  apparently,  finding 
its  way  through  fissures  in  the  unfrozen  rook  ledge,  had  eventnally 
warmed  up  the  rock  enough  to  thaw  the  joint  between  the  ledge  and 
the  sand.  As  soon  as  this  joint  was  broken,  the  water  pressure  was 
anfScient  to  foroe  a  current  through  and  disintegrate  rapidly  the  lower 
portion  of  the  ice  wall.  It  was  necessary  to  flood  the  shaft  again, 
but,  before  doing  so,  a  coil  of  pipes  was  saspended  against  the  wall 
near  the  leak. 

This  coil  was  connected  with  the  ice  machine,  and  served  efiect- 
nally  to  shut  off  the  leak.  Excavation  was  carried  on  with  picks  and 
chisels,  and  perhaps  by  the  use  of  explosives.  There  is  a  conflict  of 
statements  on  the  latter  point.  Mr.  Thomas  states  that  heavy  charges 
of  dynamite  were  required,  while  Engitieering  Newt,  in  its  description, 
says  black  powder  waa  need  for  a  time,  but  was  discarded  finally,  for 
fear  of  its  effect  on  the  walls. 

No  temporary  lining  was  used,  but  the  placing  of  the  permanent 
wooden  lining  followed  the  excavation  oloaely.  Heavy  oross-timbets 
were  set  across  the  top  of  the  shaft,  and  a  reotangnlar  crib  was  eua- 
pended  by  means  of  eye-bolts  Other  cribs  were  placed  as  the  work 
progressed,  each  suspended  from  the  one  above.  The  cribs  were 
sheathed  with  planks  placed  as  closely  together  as  possible.  The 
joints  between  the  planks  were  water- proofed  with  strips  of  tar  paper 
dipped  in  hot  pitch  and  held  in  place  by  battens.  Wedges  were  driven 
between  the  lagging  and  the  ice  wall  to  hold  the  lining  in  tme  posi- 
tion, and  the  space  oataide  the  latter  was  filled  as  oomplelely  as 
practicable.  The  joint  between  the  lining  and  the  ledge  was  made  by 
fitting  the  timbers  to  the  rock  surface  carefully  and  then  grouting 
arouud  them  with  cement  mortar.  The  lower  15  ft.  of  lining  was  close 
timbered.  The  construction  of  the  lining  is  shown  clearly  is  Figs.  31 
to  31,  inolusive.  The  progress  of  both  lining  and  excavation  is  illus- 
trated graphically  in  Fig.  30. 

After  the  completion  of  the  work,  in  order  to  test  the  thickness 
of  the  ioe  wall,  a  pit  was  sunk  in  the  outer  edge  of  the  wall  for  a 
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depth  of  20  ft.,  and  a  steel  rod  vas  driven  down  coneiderablj  for 
The  vail  bad  a  batter  of  about  1  in  16.  The  diameter  of  the  ioe 
at  the  bottom  of  the  pit  was  64  ft.  Water  did  not  find  its  waj  thr 
the  ioe  wall  until  fiftj  dnjs  after  shotting  down  the  refrigeri 

Tbs  alignment  of  the  lining  was  not  disturbed  b;  the  meltii 
the  ice  wall. 

Jesseniit  SUnet. — These  mines  ate  near  Lnbtheen,  in  HecklenI 
Sohweriu. 

Work,  bj  the  oongelatiou  prooess,  was  commenoed  in  188T, 
abandoned  abont  1891.  The  shaft  was  not  completed  until 
When  the  work  was  started,  it  was  decided  to  sink  through  the 
262.6  ft.  bj  congelation;  below  this  depth,  it  was  thought  the  meai 
were  so  compact  that  ordinary  means  woald  suffice.  The  plana 
carried  oot  saooessfnll;  to  a  depth  of  410.1ft.,  when  water-bei 
meoBuree  were  encountered  again,  and,  as  a  bore-hole  reveolec 
fact  that  thej  extended  to  a  depth  of  690.6  ft.,  the  freezing  pr 
was  resorted  to  again. 

Hr.  M.  F.  Schmidt  states  that  the  material  penetrated  in  the  n 
portion  of  the  shaft  was  aa  follows : 

Tellowsand 39.0ft 

Gray  sand 21.7  ' 


GraTcl 6.7  ' 

Bongh  grajaand 82.0  ' 

Ooarse  grsTel 4.1  ' 

Ola;  and  gravel 6.1  ' 

Fallen -in  rocks 4.6  ' 

Limestone 5.7  " 

Chief  Engineer  Biemer  gives  the  following    list    of    the   i 
penetrated  by  the  varioas  processes: 


Bine  clay 1 

Oypsnm  and  sand T, 

Fissnied  gypsnm 11 , 

Oypsnm 34 

Alternations  of  gypsnm, 
clay  and  limestone..  ..  53 
Total m 


Sand 62, 3f 

Uixed    gravel,   part   fine 

and  part  coarse 46 . 7  ' 

Gypsnm,  with  intSrbed- 

ings  of  sand 33.0  ' 

Oypsnm,  both  hard  and 

soft. 82.0  ' 


Gypsnm,  hard 24 

Cavemons  gypsnm,  with 

Sandstone,  fissnred 2 

Gypsnm,  with  anhydrite. 38 

Total M 

Bock  salt. 


b,Googlc 


FkpM*.]  rsSBZINO   AS  AN    AID  TO  BZOATATIOH.  55 

The  gTOOnd-Tster  level  wm  26.2  ft.  belov  the  enrface. 
The  shaft  was  oirenlar,  and  16  ft.  4  ins.  io  diameter.     For  a  depth 
of  23.0  ft.,  a  well,  with  a  diameter  of  30.4  ft,,  wae  snok  by  ordinary 

Twenty  freezing  tabes  were  pnt  down  on  the  periphery  of  a  circle, 
22  ft.  11  ins.  in  diameter.  Sixteen  of  these  holes  were  more  than  280 
ft.  deep,  one  was  328.1  ft.,  and  three  were  262  ft.  deep.  Owing  to  the 
difficulty  of  cloeing  the  bottom  of  the  casings,  a  smaller  pipe,  with  its 
lower  end  welded  and  tested  to  a  preesnre  of  ten  atmospheres,  was 
placed  inside,  to  serve  as  the  freezing  tnbe.  Fig.  21  shows  the 
arrangements  for  making  the  borings,  as  well  as  the  location  of  the 

OoDgelation  was  started  on  Jnly  26th,  1887.  After  the  machine 
had  been  working  one  bandred  and  eight  days,  the  diameter  of  the  ice 
cylinder  was  29  ft.  6  ins. 

Sinking  was  b^nn  on  November  10th,  1687,  and  completed  to  solid 
material  on  March  Utb,  1888. 

The  shaft  was  Hoed  with  cast-iron  tubbing  backed  with  concrete^ 
Tbe  lining  was  completed  on  July  5th,  1886.  Efforts  were  then  made 
to  thaw  the  ice  tower  by  filling  the  shaft  with  water  at  60°  Cent.,  and 
maintaining  it  at  that  temperature  (or  two  weeks.  After  emptying  the 
sbaft,  sinking  was  continued  in  the  ordinary  way  to  a  depth  of  410.6 
ft.,  where  the  water-bearing  strata  were  encountered  again.  It  was 
decided  to  sink  twelve  tnbes,  on  a  circle  33  ft.  4  ins.  in  diameter,  to  a 
depth  of  62S.4  ft.  Althongh  eight  months  had  elapsed  since  the  ice 
machine  wae  stopped,  the  frozen  measures  were  encountered,  and  the 
attempt  to  sink  the  tubes  in  this  position  was  abandoned.  Eight 
pipes  were  then  put  down  on  the  circumference  of  a  circle  inside  the 
shaft. 

It  was  proposed  to  sink  first  a  small  shaft  of  the  same  diameter  ati 
the  circle  on  which  the  pipes  were  placed,  and  then  enlarge  to  the  re- 
quired diameter  by  excavating  outside  the  tubes.  Before  sinking  the 
small  shaft,  the  ice  wall  was  formed,  apparently  without  difScnlty, 
but,  after  the  pipes  were  exposed,  they  were  not  able  to  maintain  the 
necessary  thickness  of  the  ice.  Mr.  Schmidt  states:  "  The  pipes  once 
exposed  did  not  possess  the  same  radiating  refrigerating  power,  and 
the  loss  ol  cold  inside  the  shaft  was  enormous." 
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Od  JaDnoTj  13th,  1890,  at  a  depth  of  492.1  ft.,  the  ice  wall  gave  w 
and  the  aaad  roae  16.4  ft.  in  the  shaft.  Freezing  was  ooutinaed  I 
thirteen  monthB  without  result.  The  attempt  to  sink  by  meaoe 
ooagelatioa  was  abandoned  finally  and  the  Eind-Ghandron  meth 
adopted. 

The  failure  of  the  freezing  procese  daring  the  latter  part  of  t 
work  is  attribatable  partially  to  pumping,  which  started  an  nnd< 
ground  current  containing  potash  salts.  These  salts  lowered  the  c< 
gelation  point  of  the  material  to  be  frozen. 

Qa/rgenherg  Mme.^-'Shia  mine  is  near  Tamowitz,  in  Upper  Silee 
Germany. 

The  sinking  was  done  during  1890  and  the  early  part  of  1891. 

The  object  of  the  shaft  was  access  to  a  bed  of  iron  ore.  Frevic 
to  adopting  the  freezing  process,  an  attempt  was  made  to  sink 
pumping,  at  a  point  328  ft.  from  the  site  finally  selected,  bnt  had 
be  abandoned.     The  size  of  the  shaft  was  9  ft.  10  ins.  x  14  ft.  8  ins. 

The  material  to  be  penetrated  consisted  of  about  78  ft.  of  tertit 
strata,  described  as  quioksand,  and  containing  a  great  deal  of  wat 
TJnderlying  the  tertiary  strata  was  a  bed  of  limestone. 

The  boring,  freezing  and  lining  required  nine  mODtha. 

Wo.  10  Shfi/l,  Lent  CoUiert/.—ThiB  colliery  is  at  Vendin-le-Viel,  ] 
partment  of  Pas-de-Oalais,  France. 

Most  of  the  work  was  done  daring  1891.  The  first  attempt  to  si 
was  made  with  a  masonry  caisson.  A  masonry  tower,  53  ft.  high.i 
constructed  on  a  cast-iron  shoe  or  cutting  edge.  ExoaTation  woe  c 
ried  on  inside  the  tower,  and  the  work  was  kept  dry  by  pumping.  ] 
tower  stuck  fast,  finally,  at  a  depth  of  41.0  ft.  Sinking  was  then  c 
tinned  with  sheet-piles  to  a  depth  of  about  80  ft.  At  this  point 
temporary  lining  gave  way,  partially;  the  foundations  of  the  pen 
nent  plant,  which  had  been  built  around  the  shaft,  began  to  set 
and  a  1  OOO-H.-P.  pnmping  plant  was  unable  to  control  the  wal 
Under  these  conditions,  preparations  were  begun  to  continue  the  wi 
by  means  of  congelation.  The  shaft  was  circular,  with  »  cl 
diameter  of  15  ft.  8  ins. 

Tbe  nature  of  the  material,  from  the  surface  down,  is  shown 
the  following: 
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igetable  earth 

ay,  vith  Bhiftiog  mftrl. . 

kody  clfty 

Ay,  Tith  reddish  earth. 

Ifistic  olay 

Mtrse-gTsined  sand 

lifting,  clayey  sand 

liftiDg,  greea  marl  sand 
arly  sand,  with  broken 

chalk 

reen,  marly  sand 

tiftiag,  cUyey  chalk . . . 

ioh  chalk 

ift  chalk 

ayey  ohalk 

kitechaU 


with 


2.6  ' 


Yellowish  chalk.. 

Fissured      chalk, 

flints 49. 

Clayey  chalk 1 . 

Softbed 0- 

Veryhardbed i. 

Hard  bed 3. 

Hard  white  chalk 9- 

Millstone  grit 2 . 

Blens  (a  blue  impnre  lime- 
stone)   2. 

Non-aqniferous    clayey 

Qray  and  bine  chalk 124. 

Marl  (dieve) _1 . 

Total 265 


Ift. 


The  nataral  water  level  was  at  a  depth  of  15  ft.,  and  the  last  three 
rata  in  the  liat  may  be  said  to  be  impermeable. 

Owing  to  the  foandatione  around  the  top  of  the  shaft,  it  was  nec- 
Bary  to  space  tbefreeziiig  tabes  qnite  irregularly.  Eight  tubes  wi^re 
it  down  inside  the  shaft,  on  the  cirenmference  of  a  circle  and  as 
ar  the  lining  of  the  shaft  as  practicable.  Outside  the  shaft,  twenty 
bes  were  spaced,  as  regularly  as  conditions  would  permit,  over  a 
uare  of  about  26  ft.  on  a  side.  The  liniog  of  the  bore-holes  was  14 
a.  in  diameter  at  the  top,  10^  ins.  near  the  middle,  and  6  ins.  at  the 
>ttom.  In  the  bore-holes,  6-in.  freeziiig  tubes,  137.8  ft.  long,  were 
aoed,  and  the  linings  withdrawn.     The  circulating  tubes  were  2  ins. 

diameter. 

Congelation  was  begun  on  April  9th,  1891,  with  an  Osnabriick 
achine  driven  by  a  40-H-P.  engine,  and  required  two  hundred  and 
ree  days.  Water  stood  to  a  depth  of  50  ft.  in  the  shaft  during 
eezing.  Hr.  Bemanx,  Engineer  of  the  work,  calculated  that  the 
•ngealed  beds  contained  about  40^  of  water.  The  freezing  solution 
M  a  20%'  solution  of  calcium  chloride.   The  temperature  of  the  brine 

it  left  the  refrigerating  machine  was  — 7°  Cent,  at  the  beginniug 
d  —16^  Cent,  at  the  end  of  the  congelation  period,  and  was  4.° 
krmeron  its  return.    Just  previous  to  starting  excavation,  the  eight 
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pipes  vers  disootineoted  from  the  freezing  maohine,  u>d  they  were 
remoTed  as  the  work  progressed. 

Freezing,  bowever,  was  kept  np  in  the  oater  tubes  nntil  near  the 
oompletion  of  the  work.  Sinking  was  effected  without  temporary 
lining.  Compressed  powder  was  used  for  loosening  the  frozen  mate- 
rial. The  temperature  in  the  shaft  was  about  2°  Cent,  when  the  men 
were  working. 

The  lining  consisted  of  iron  rings,  4  ft.  10  ins.  high, each  composed 
of  ten  segments.  The  web  was  If  ins.  thick  at  the  top,  Ii|  ins.  thick 
»t  the  bottom,  and  was  reinforced  b;  internal  rib*.  The  flanges  were 
m^  ins.  wide.  The  iron  lining  was  backed  by  18  ins.  of  concrete.  To 
the  mixing  water  was  added  Ifi  of  caustic  soda.  The  concrete,  al- 
though frozen,  was  found  to  have  set  very  satisfactorily.  A  few  rings 
of  oast-iron  lining  were  placed  below  the  masonry  by  the  original 
method,  before  the  work  was  suspended.  On  resuming  work,  the  three 
lower  rings  were  found  to  have  been  bent  into  an  oral  form,  and  the; 
hod  to  be  removed. 

No.  10,  Bis  Shqft,  Lent  (Miery.— No.  10,  bis  shaft  is  100  ft.  from 
the  No.  10  shaft,  and  was  sank  during  1892. 

The  work  followed  that  on  the  No.  10  shaft,  and,  from  tbe  first, 
congelation  was  decided  on.  A  pit,  20.3  ft.  in  diameter,  was  snok  to 
ground-water  level,  a  depth  of  11.5  ft.,  by  ordinary  means,  and  lined 
with  brick  masonry.  From  the  bottom  of  the  pit  the  bore-holes  were 
started.  The  finished  diameter  of  the  shaft  was  12  ft.  The  material 
penetrated  was  similar  to  that  of  Shaft  No.  Ill,  Twenty  holes  were 
put  down  on  the  circumference  of  a  circle,  16.9  ft.  in  diameter,  and 
four  holes  on  the  circumference  of  a  circle,  7.1  ft.  in  diameter,  to  & 
depth  of  137.8  ft.  The  sinking  of  the  pit  at  the  top  occupied  twentj- 
flve  days;  the  borings  and  the  placing  of  the  refrigerating  tnbes  occu- 
pied fifty-six  days.  After  placing  the  freezing  tubes,  the  Unings  of 
the  bore-holes  were  withdrawn.  The  same  machine  was  used  for  con- 
gealing as  at  No.  10  shaft.  Freezing  was  begun  on  June  8th,  and  wse 
contioned  for  seventy-five  days.  Near  the  end  of  the  work,  the  refrig- 
erating liquid  had  a  temperature  of  — 20°  Cent,  on  entering  the  Meet- 
ing pipes,  and  — 17o  Cent,  on  leaving  them. 

Excavation  was  begnn  on  Angast  16th,  and  was  completed  on 
October  1st.  Near  the  top,  the  excavation  was  made  oul;  a  little 
larger  than  tbe  finished  diameter,  but  its  size  was  increased  toward 
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be  bottom.  Some  powder  was  used,  and  the  eluft  wbb  lined  tempo- 
arilj.  The  AltemOituig  bands  of  sand  and  ola;  proved  to  be  somewhat 
infavorable,  as  the  olaj  froze  mnch  more  slowlj  and  waa  leas  hard 
ban  the  other  strata.  Where  the  olav  was  plastic  it  aaanmed  a  shaly 
tmctnre,  and  its  difference  in  behavior  was  likely  to  break  the  freez- 
ig  pipes  and  produce  cracks  in  the  ioe  wall.  The  cracks,  in  this 
aae,  however,  did  not  reenlt  in  leaks,  as  anj  water  which  found  its 
raj  into  them  was  congealed  before  it  reached  the  face.  As  soon  as 
he  excavation  reached  the  required  depth,  the  permanent  lining  was 
ilaced,  working  from  the  bottom  np.  The  lining  oonsisted  of  cast- 
ran  rings,  1)1  ins.  thick,  of  six  segments  each, 

Jio.  3,  Big  Shaft,  Dourges. — This  shaft  is  located  in  the  Department 
if  Pas-de-Calais,  France,  and  was  sank  dnring  1892  and  1893. 

An  attempt  waa  made  to  sink  hy  pnmping  ont,  bnt,  at  a  depth  of 
12.2  ft.,  the  three  pumps,  working  at  their  fnll  capacity,  80  en.  ft.  per 
econd,  were  still  nnable  to  control  the  flow.  At  this  stage  it  was 
lecided  to  adopt  the  Poetsch  system,  and  the  excavation  already 
Dade  was  flUed  with  sand. 

The  kinds  of  material  to  be  penetrated  are  as  follows: 
Vegetable  earth 1.3ft.    Broken  chalk 17.7  ft. 


::iay 3.3  ' 

iandy  clay 1,0  ' 

EHne-grained  limestone. . .  1.1' 

Cellowaand 0.9  • 

Pine- grained     limestone, 

withgravel 2.8  ' 

3and 1.5 

Band  and  gravel 3.1  ' 

Broken  chalk  8.2  ' 

Sandy  clay,  with  gravel. .  9.5  ' 
B&Ddy  earth,  with  mnch 

gravel 9.8  ' 

Bandy  earth,  slightly  more 

compact 9.8  ' 

The  natar&l  water  level  was  at  a  depth  of  23.3  ft.  The  shaft  has  a 
clear  diameter  of  16  ft. 

The  freezing  fluid  was  circulated  through  twenty-fonr  freezing 
tnbee  on  the  circumference  of  a  oircle  21  ft.  in  diameter.    There  w 


Harderchalk 8.6  " 

Chalk 12.8  " 

Chalk,  in  thicker  layers..  10.2  " 

Chalk,  with  flints 3.6  " 

White  chalk 16.4  " 

Chalk,  in  thick  layers...     9.0  " 

Gray  chalk 14. 9  " 

Chalk,  with  flints 7.6  " 

Sandstone,  with  flints....  16.6  " 
Sandstone,     with     mnch 

chalk 17.4  " 

Millstone  grit 11-1  " 

ToUl  198.0ft. 
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also  a  tube  io  tbe  center  of  the  shaft.     The  freezitig  tubes  were  Bunk 
through  tbe  millBtone  grit  and  8  ft.  into  tbe  limeBtone  below. 

Work  on  the  borings  was  started  on  October  6th,  and  was  com- 
pleted on  December  2lBt.  After  placing  the  freezing  Inbee,  the  lining 
of  the  bore-holcB  was  withdrawn. 

Congelation  was  started  oa  January  28th,  1893,  with  a  Fiiar; 
machine  capable  of  producing  1  ton  of  ioe  per  bonr. 

Sinking  was  begun  on  March  27th.  The  sand  was  foaud  to  be 
damp,  down  to  a  depth  of  36.ftft.  Below  that  depth  the  measures 
were  entirely  frozen.  Below  the  bottom  of  the  previoas  excavation 
compressed  powder  was  nsed.  The  work  was  carried  on  in  four 
6-honr  shifts,  there  being  six  drillers  and  three  shovelera  in  eaoh 
shift.  The  rate  of  progress  was  aboat  6.3  ft.  per  day.  At  a  depth  of 
106.2  ft.,  which  was  reached  in  Maj,  the  material  was  found  to  contain 
very  little  moisture  and  to  be  in  an  unfrozen  conditioD.  At  the  bottom 
of  the  freezing  tabes  the  ground  at  the  center  of  the  shaft  was  found 
to  be  frozen  1.3  ft.  deeper  than  at  the  sides.  During  the  progress  of 
the  excavation  tbe  shaft  was  lined  temporarily  with  oak  cribbing. 
At  a  depth  of  12.7  ft.  excavation  was  suspended  and  a  cast-iron  lining 
placed,  extending  above  the  water  level.  Cement,  mixed  with  water 
containing  carbonate  of  soda,  was  used  to  back  the  lining. 

Tbe  time  required  for  tbe  vanous  operations  was  as  follows: 

Boring 76  days. 

Erecting  cold -producing  plant 36    " 

Congelation 60    " 

Sinking 78    " 

Placing  tubing 86    " 

Total 280  days. 

Dourget  2fo.  7,  Shaft.— This  shaft  was  sunk  during  1894  and  1895. 

As  this  work  was  started  after  the  completion  of  the  No.  3,  bi» 
shaft,  it  was  decided  to  use  tbe  freezing  process  from  tbe  first.  Tbe 
first  operation  was  to  sink,  presumably  to  water  level,  a  circular  sbaft, 
27  ft.  in  diameter  and  lined  with  masonry. 

Tbe  shaft  was  161  f*-  >»  diameter.  The  materials  above  the  mill- 
atone  grit  are  190.2  ft.  thick.  The  water  level  was  at  a  depth  of 
26.2  ft. 
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Twentj  freering  tubes  were  put  down  on  tli«  circmnference  of  % 
itttle  22  ft.  in  diameter.  A  eingle  hole  was  also  put  down  in  the  center 
nd  insulated  so  as  to  conoentrate  the  freezing  effect  at  the  bottom  of 
he  shaft.  Aa  at  No.  3,  bie  shaft,  the  lining  tnbes  of  the  bore-holes 
rete  withdrawn.  The  tops  of  the  freeziog  tubes  were  at  a  depth  of 
3.1ft. 

Ttro  Pizary  machines,  each  capable  of  producing  1  000  lbs.  of  ioe 
«r  hour,  were  need  for  congelation. 

Flinei-let-Rachta. — This  ahaft  is  located  in  the  Department  of  Le 
lord,  France,  and  was  snnk  mainly  in  1S94. 

The  nature  of  the  material  penetrated  was  as  follows: 

Vegetable  earth 1.6  ft.     Argillaceous  eand 1.6  ft. 

'eat 2.0  "      FiBsiired  chalk 11.5  " 

Slnish  clay 8.0  "      Compact  chalk 6.6  " 

^ery  fine- grained  sand..  26.0  "      Fissnred  white  chalk 6.6  " 

Iraj  argillaoeons    sand,  "-       Compact  chalk 14.8  " 

withshells 12.5  "      White  chalk 16.4  " 

rery  hard  gray  sand 6.2  "      Grayish  chalk 6.6  " 

>la8ticolay 13.1   '*      Chalk 62.8  " 

landy  clay 3.3  "      Chalk,  with  flints 23.6  " 

rerj  dry  sandy  clay 10.2   "      Chalk  and  sand 7.0  " 

''ine-grained  sandstone. .     2.3    "  Total 238.1  ft. 

The  shaft  is  circnlar,  and  is  13  ft.  8  ins.  in  diameter. 

Twenty-one  freezing  tubes  were  put  down,  to  a  depth  of  246.1  ft., 
in  the  circumference  of  a  circle,  and  a  twenty-second  hole  was  located 
a  the  center  of  the  shaft.  At  a  depth  of  85.3  ft. ,  a  spring  was  enconn- 
ered  which  gave  rise  to  a  strong  flow  in  the  bore-holes,  rising  6.6  ft. 
Lbove  the  snrfaoe  of  the  groand.  This  flow  was  increased  by  another 
itream  at  a  depth  of  219.8  ft. 

This  current  of  water  ascending  along  the  freezing  tnbes  wonld 
lave  made  freezing  very  diffionlt.  In  order  to  stop  it,  two  masonry 
*allH  were  built  around  the  top  of  the  ahaft.  These  walls  were  built 
.0  such  a  height  aa  to  be  above  the  piezometric  level  of  the  water. 
rhe  streaoi  was  also  tapped  by  a  bore-hole  82  ft.  distant  from  the 
ihaft.  By  theee  means,  the  level  of  the  water  was  maintained  at  a 
weight  of  4.9  ft.  aboTe  the  ground.  The  freezing  tubes  were  prolonged 
to  a  height  of  8.6  ft.  above  the  surface  of  the  ground,  in  order  to  be 
veil  above  the  water  level. 
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The  msohiae  used  for  congelation  was  of  the  Fixary  type,  and  hi 
a  oapaoity  of  2  SCO  lbs.  pet  hour,  Fteezing  was  begun  on  Septemt 
let,  1S64,  and  in  thirt;-eight  days  the  ice  tower  was  united.  T 
freezing  mediam  was  a  eolation  of  calcium  chloride. 

Excavation  woe  begnn  on  October  25th,  and  carried  on  mainl}!  I 
picks  aad  wedge  needles.  Near  the  bottom,  however,  compreBa 
powder  was  nsud.  The  central  tnbe  was  dismantled  as  the  work 
sinking  progressed. 

The  lining  consisted  of  oak  cribs,  about  7  ins.  thick,   and  v 
placed  in  sections  of  45.9  ft.,  working  from  the  bottom  of  each  secti 
upward.    The  timber  wae  backed  bj  6  ins.  of  concrete.     The  linii 
was  completed  on  May  Ist,  1895. 
The  cost  per  foot  was  follows: 

Congelation $91.17 

Sinking 8.82 

Tubing 38.23 

Concrete 2 .94 

Total 8141 .  16 

Vicq  Pits,  Amia  Colliery.  — This  colliery  is  in  the  Department  of  t 
Fas -de-Calais,  France.     Most  of  the  work  was  done  dnring  1894. 

The  Anzin  Company  desired  to  aink  two  shafts  through  what  w 
known  to  be  very  treacherous  material,  and,  after  considering  cai 
fully  the  various  methods,  decided  to  adopt  the  Poetsch  piocei 
Work  on  the  two  shafts  was  carried  on  aimultaneouHly.  The  t' 
sbafta  are  circular  in  plan,  and  121  ft.  apart,  from  center  to  cenb 
The  clear  diameter  of  the  larger,  used  for  winding,  is  16  ft.  4  ins.,  a 
the  diameter  of  the  smaller,  used  for  pumping,  ia  12  ft. 

A  bore-hole  indicated  that  the  strata  to  be  passed  through  were 
follows: 

Vegetable  earth 3.3  ft.     White  marl 73  2 

Greenish  sand 6.6  "      Bich  marl 42.9 

Blackishaand 1.8"      Marl  and  pyrites 4.6 

Gravel 11.9  "      Sandy  marl 8,5 

Sand    11.6"      Compact  limestone 4,9 

Soadyelay 1.6  "      Flints 41,1) 

White  chalk 30.3  "      Impure  blue  limestone. .  86.4 

*^' 81  •>  "  Total 3847 

Gray  marl 26.2  " 
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The  strata  were  water-bearing,  dovn  to  a  depth  of  296.6  ft.,  bnt 
here  eziated  two  distinct  levels:  one  at  the  surface  varjing  witli  the 
Binfall,  and  capable  of  supplying  about  6  or  7  on.  ft.  per  minnte;  the 
ther,  in  the  tipper  and  badl;  fissured  chalk  lajera,  was  tinder  such 
iressnre  that  the  water  roae  abont  2|  ft.  above  the  stirface  as  soon  aa 
n  opening  was  made. 

Aa  a  preliminary  to  starting  work,  a  well,  abont  800  ft.  dietant 
rom  the  site  of  the  pits,  was  annk  to  the  chalk,  for  supplying  feed 
nd  condensing  watef.  About  S  500  galls,  per  honr  were  needed. 
!he  well  was  t>l  ft.  in  diameter,  and  49tt.  deep,  and  cost  about  S2  000. 
?he  freezing  tnbes  were  pat  down  on  the  circumferences  of  oirclea  the 
enters  of  which  were  at  the  centers  of  the  respective  shafts.  Twenty 
abes  were  naed  for  the  larger  shaft  and  sixteen  for  the  smaller  one. 
^he  diameters  of  the  respective  circles  were  21  ft.  3  ins.  and 
6  ft.  7  ins.  The  freezing  tnbes  were  Hi  ins.,  inside  diameter,  f^  in. 
hick,  and  298.6  ft.  long.  The  circulating  tubes  were  1^,  ins,,  inside 
[iameter,  and  ^3  in.  thick. 

As  mentioned  previotialy,  water  flowed  from  the  bore-holes  (on 
-in.  hole  yielding  20  en.  ft.  per  minute),  and  in  order  to  prevent  loss 
if  heat,  it  was  necessary  to  cut  off  this  flow.  Small  wells  were  sunk 
round  each  hole,  and  wronght-iron  pipes,  95  ft.  long,  and  10  ina.  in 
[iameter,  were  set  around  each  freezing  tube.  The  tops  of  these 
lipea  were  above  the  piezometric  level  of  the  water,  and  the  wells 
found  the  pipes  were  then  filled  with  cement.  The  joints  of  the 
efrigerating  pipes  were  tested  to  a  pressure  of  284  lbs.  per  square 
Dch.  Apparently,  more  than  usual  care  was  token  in  making  all  the 
onnections,  not  only  to  secttre  tightness,  but  to  reduce  friction  as 
rell,  and  to  that  end  the  collecting  rings  were  made  6  ins.  in  diameter. 
L^e  pita  were  covered  with  sheda  with  quite  complete  arrangements 
or  handling  the  pipe  and  making  the  borings.  The  sheda,  afterward, 
rere  modified  for  nse  in  sinking. 

The  problem  of  congelation  was  very  carefully  studied,  and  the 
alculations,  in  considerable  detail,  are  given  in  a  paper  by  Saclier 
md  Wayme).*  It  is  estimated  that  the  measures  for  the  first  92  ft. 
K)ntained  SO^g*  of  water,  and  that  the  remaining  207  ft.  to  be  cou- 
pled contained  25  per  cent.  The  required  thickness  of  the  ice 
lylinder  was  found  to  be  about  1  ft  4  ins.  To  produce  the  desired 
•BuUeKn  de  la  SocUU  de  I'mdrntrie  Mtnirait,  ISBS,  p.  sn. 
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result,  it  was  calcnUted  that  24S  106  041  pound-calories  must  be 
removed  from  the  ground  aronnd  the  larger  shaft,  and  191  816  799 
ponnd-calories  from  around  the  smaller  one.  Allowing  ^%  for  Iohs, 
the  total  to  be  remored  was  &13  663  550  ponnd-calories.  The  time 
allowed  for  congelation  was  one  tbonsand  honrs.  Aooordingt;,  « 
machine  capable  of  removing  543  70U  ponnd-calories  per  honx  was 
required.  The  plant  installed  wae  driven  by  a  20U-H.-F.  engine,  and 
couaiBted  of  four  Linde  machines,  coupled  two  together,  uid  with  a 
combined  capacitj  of  4  tons  of  ice  per  hour.  The  freezing  solntioD 
coDBisted  of  30  tons  of  calcium  chloride  dissolved  in  2  472  en.  ft.  of 
water.     The  rate  of  circulation  was  70  6  on.  ft.  per  minute. 

Careful  preparations  were  made  to  record  the  performance  of  the 
machines  and  to  observe  the  progress  of  the  freezing.  To  aocom- 
pliab  tbe  latter,  on  the  circumferences  of  circles,  27  ft.  9  ins,  in  diam- 
eter for  the  larger,  and  23  ft.  3  ins.  in  diameter  for  the  smaller  pit,  and 
radisll;  opposite  the  freezing  tnbes,  S-in.  pipes,  6  ft.  6  ins.  loDg,  were 
driven.  These  pipes  were  filled  with  a  solution  of  calcium  chloride, 
and  their  tops  were  protected  from  the  effects  of  the  atmosphere. 
Thermometers,  in  cases  arranged  so  that  thej  could  be  read  without 
removing  them  from  the  solution,  were  lowered  to  the  bottom. 

On  a  line  joining  the  centers  of  the  two  shafts,  similar  tubes 
were  placed  everj  13  ins.,  thus  forming  a  scale  for  noting  the  advance 
of  congelation.  The  freezing  apparatus  was  started  on  Ua;  28th, 
1894,  but  the  four  machines  were  not  in  fall  operation  nntil  June  12th. 
With  all  four  compressors  running,  the  temperature  of  the  liquid  on 
leaving  the  compressor  was — 15°  Centigrade.  It  was  from  2°  to  3° 
higher  on  returning  to  the  machine.  Ou  July  1st,  the  thermometers 
showed  that  the  thickness  of  the  ice  on  the  outside  of  the  freezing 
tubes  was  1  ft.  6  ins. ,  and  on  the  inside  2  ft.  5  ins,  Onlj  two  or  three 
of  the  freezing  machines  were  ron  after  that  date.  On  Jul;  16th,  the 
ice  was  1  ft.  9  ins.  thick  on  the  outside  and  3  ft.  3  ins.  thick  on  the 
inside  of  the  ring  of  pipes.  On  Jnlj  16th,  the  initial  freezing  opera- 
tions were  considered  to  have  ended.  The  thermal  equivalents  of  the 
work  done  during  this  period  are  given  in  Table  No.  2. 

It  is  stated  that  there  was  20^  loss  in  the  cooling  effect  at  the  sur- 
face of  the  ground,  owing  to  the  distance  of  the  machines  from  the 
shafts. 

Excavation  in  the  smaller  pit  was  started  on  Julj  2d,  and  in  the 
larger  pit  on  Jul;  16tb.     The  larger  shaft  wasexcavated  to  a  diameter 


b/Googlc 


Pipen-I  FBBEZINCr  AS  A.S   AID  TO   SZOATATION.  66 

of  18  ft.  5  ins.  It  was  lined  temporarily  to  a  depth  of  100.7  ft.  At 
that  depth  excavation  was  enepended,  aud  the  permanent  lining  was 
placed,  from  the  bottom  upward. 


TABLE  No.  2. 


DiFoinnKliLOBm. 

1      Smaller  pit. 

j       L.rg«rplt. 

F<«matlinofk« 

188889(178 

mmm 

MS81861 

1               WWBll 

'       mmwj 

mmtm' 

mmm 

aWTWOlB 

' 

Excavation  at  the  bottom  of  the  freezing  tubes  was  completed  on 
)ctobeF  16th.  No  temporary  lining  was  required  for  the  second  por- 
ion  of  the  work.  After  lining  the  second  section  permanently,  ezca- 
'atioD,  through  nncoagealed  material,  to  the  coal  measured,  was 
ompleted  without  incident.  Below  the  depth  of  100  ft.,  artificial 
entilatioD  waa  neceaaarj.  The  temperature  of  the  shaft  lowered 
;radnallj  during  exaavBtion;  at  first  it  was  -\-2°  to  -|-3°  Cent.,  at 
he  completion  of  the  first  section  0°,  and  near  the  bottom  —12° 
^t^rade.  The  workmen,  however,  who  were  employed  in  S-hour 
hifts,  suffered  no  inconvenience  from  the  low  temperature.  During 
he  first  period  the  area  to  be  excavated  was  only  frozen  aligbtlj,  and 
'ery  rapid  progress  (6  or  7  ft.  per  day)  was  made. 

The  ice  wall  increased  in  thickneas  gradually,  bnt  a  fair  rate  of 
■Fogress  was  maintained  to  a  depth  of  257.5  ft.,  where  the  flints  were 
incoanteied  on  September  15th.  In  this  material,  the  thickneaa  of 
he  ice  wall  waa  much  greater,  although  there  waa  atill  an  nnfrozen 
ore.  The  thickness  of  the  ice  wall  varied  with  the  material,  and  was 
nttch  leas  in  the  fine  sand  than  in  the  coarse  gravel,  notwithstanding 
he  larger  proportion  of  water  in  the  latter.  In  the  fissured  chalk, 
•locks  of  ice,  containing  as  much  as  1  en.  yd.,  were  encountered, 
die  frozen  conglomerate  of  flint  was  very  difiBcult  to  break  up.     The 
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toola  were  broken  and  the  points  dolled  very  rapidly.  Ab  ma 
three  thoneand  pioke  and  wedges  liad  to  be  Hharpeoed  in  a  singli 
In  olay,  sinkiDg  proceeded  rapidly,  and  the  frozen  mara  had  thi 
eistenoy  of  puddle  cemented  with  ice.  At  the  bottom  of  the  fn 
tnbefl,  298.6  ft.  below  the  surface,  the  nncongeoled  core  still  . 
diameter  of  3.3  ft.  The  ice  was  found  to  extend  2.6  ft.  belo 
freezing  tubes.  The  history  of  the  excavation  in  the  emaller  si 
similar  to  that  of  the  larger,  except  that,  owing  to  its  smaller  dial 
the  entire  mass  became  frozen  through  the  flints. 

At  the  time  of  the  completion  of  the  excavation  to  the  boti 
the  freezing  tubes,  observation  showed  that  the  thieknees  ( 
frozen  mass  outside  the  tnbes  was  about  the  same  at  the  top  an 
tom,  and  the  engineers  in  charge  state  that  the  frozen  portic 
roughly  a  cylinder.  Both  shafts,  for  a  depth  of  386  ft.,  were  t 
with  cast-iron  rings,  1  in.  thick  at  the  top  and  Ijf  ins.  thick 
bottom  of  the  shaft.  Concrete,  8  ins.  thick,  was  placed  befaii 
ttibbing.  In  the  main,  this  was  composed  of  two-fifths  very  hyc 
lime  and  three-fifths  calcined  coal  measure  shale.  To  the  watei 
of  calcinm  chloride  was  added. 

The  cost  is  snmmarized  as  follows: 

Patent  royalty,  for  two  shafts,  each  298.6  ft. 

deep,  110.69  per  foot S6  324.35 

Temporary  installation 3  779.33 

Boring 14  218.89 

Refrigerating    machine,    including    freezing 

pipes,  collector-rings,  eto 48  009.91 

Experimental  apparatus 366.70 

Congelation,  May  28th  to  December  28th 6  374.98 

Sinking  and  tubbing 66  476.82 

Miscellaneous 2  448.01 

Total 8137  000  99 

The  cost  is  given  by  Messrs.  Saolier  and  Waymel  as  8177.46  p' 
of  shaft.  This,  evidently,  is  for  the  386  (t.  of  tubbed  shaft,  of 
a  depth  of  298.6  ft.  was  in  congealed  material. 

In  the  paper  by  Messrs.  Saclier  and  Waymel,  the  engineei 
eral  interesting  conclusions  are  given,  and  these  may  be  sumn: 
as  follows: 
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The  bore-boles  mnet  be  absolatelj  plnmb.  For  depths  not  ex- 
ding  328  ft.,  the;  maj  be  spaced  1  ft.  apart.  For  depths  of  656  ft. , 
'J  shonldnot  be  more  than  8.3ft.  apart.  The  radial  distance  of  the 
>eB  from  the  center  of  the  shaft  shonM  not  exceed  the  radins  of  the 
itt  b;  more  than  2  ft.  Freezing  tnbes  shonld  not  be  placed  inside 
I  shaft,  for  two  reasons: 
1.— EzoaTAtioD  is  mnch  more  difBcnlt  when  the  entire  mass  is 


'i. — Bodies  of  water  are  likely  to  be  imprisoned  between  the  inner 
ss  and  the  annnlar  ice  wall.  The  advance  of  congelation  will  then 
idnee  pressures  which  maj  rapture  the  ice  walls.  The  refrigerating 
■es  shonld  be  tested  oarefnllj,  and  should  be  of  a  metal  as  soft  as 
icticable.  The  oolleoting  rings  sbonld  be  of  large  cross-aection, 
1  all  connections  with  circnlating  pipes  shonld  be  made  in  nuiform 

jVo.  9,  Shaft,  CottrHeres  Colliery. — This  colliery  is  in  the  Department 

Pas-de-Colais,  France. 

The  sinking  was  practically  accomplished  in  1894.   An  attempt  was 

de  to  sink  this  shaft  by  pumping.     At  a  depth  of  102.5  ft.,  three 

mps,  lifting  8.5  cu.  ft.  per  second,  could  not  handle  the  water.    As 

re  was  no  room  for  additional  pumps,  this  method  was  abandoned, 

1  the  Poetsch  system  adopted. 

The  material  penetrated  was  as  follows: 


stable  earth .... 
Uowiah     clay,    mixed 

rithcholk 9.2 

le  potter's  day 1.6 

id,  mixed  with  potter's 

'lay  and  marl 11.5 

lemarl 3.3 

IS  marl,  with  flints.   . .  7S.6 


1.7  ft. 


Gray  marL 28.8  ft. 

Oray  marl,  with  flints ...  6.9  " 

Gray-yellowish  marl 1.9  " 

WhitemarL 9.8  " 

Oray  and  stronger  marl..  2.1  " 

Millstone  grit 12.6  " 

Impnre  blue  limestone.. .  1.0  " 

Total .165,5  ft. 


The  last  two  strata  were  impermeable. 

The  shaft  was  circular  in  plan  and  15  ft.  in  diameter.  Twenty- 
ir  pipes  were  put  down  on  the  circumference  of  a  circle  2'2  ft.  in 
imeter.  A  twenty-fifth  pipe  was  sunk  in  the  center  and  insulated 
as  to  freeze  only  the  material  near  the  bottom.  The  refrigerating 
pes  were  171.5  ft.  long,  and  their  internal  diameter  was  4^^  ins.  The 
imeter  of  the  cironlating  pipes  was  1^  iua. 
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The  freezing  plant  coneieted  of  two  Fixarj  mAchinea,  of  1  100  lbs. 
oapsoit^  per  boar.    The  freezing  solation  was  calcinm  clilorida 

Congelation  was  started  on  April  7th.  Excavation  was  commenced 
on  June  2&th,  and  waa  completed  on  3u\j  ITth. 

The  lining  waa  of  timber  backed  hj  concrete.  The  water  used  for 
mixing  the  concrete  contained  a  Bolntion  of  carbonate  of  soda  to 
preveDt  freezing. 

To  complet«  the  work,  two  htindred  and  twelve  days  were  required, 
distribnted  as  follows: 

Boring  wella  and  lowering  brine  pipea 102  dajs. 

Erecting  retrigerating  plant. 10    "  , 


Sinking,  excavation 22     " 

Venus  Tiefbau  Colliery  ( Winding  SAafl/— This  shaft  is  at  Brui, 
Bohemia.  The  oonstrnction  leqnired  from  Jannarj,  1895,  to  June  let, 
1896. 

The  coal  beds  of  this  part  of  Bohemia  are  covered  bj  a  thick  bed 
of  quicksand,  and  several  attempts  to  penetrate  it  at  different  poislB 
have  met  with  failure.  One  instance  is  cited  where  the  quicksaDd 
broke  into  and  nearlj  filled  a  mine.  The  owners  of  the  Venus  Tief- 
bau Colliery  first  attempted  to  sink  by  ordinary  means,  and  to  line 
the  shaft  with  masonry.  As  the  quicksand  was  approached,  it  burst 
into  the  shaft  and  filled  it  to  a  height  of  72.2  ft.  A  depth  of  19.7  ft, 
was  gained,  after  pumping  out,  but  a  second  msh  stopped  work  by 
this  method.  Next,  an  attempt  was  made  to  sink  a  masonry  lining 
built  on  piles  bj  excavating  from  the  bottom.  After  advancing  about 
26.2  ft.,  there  occurred  a  third  break  of  such  violence  as  to  throw  the 
masonry  out  of  plnmb,  and  put  a  stop  to  work  by  this  plan.  At  that 
stage  the  Poetsoh  process  was  adopted. 

The  nature  ol  the  material  enoountered  was  as  follows: 

Clay 105.0  ft.     Quicksand 23.0  ft. 

Quicksond 72.2  "       Clay 196.fi  " 

Clay 69.1  "  Total *66.1  ft. 

■   The  pressure  in  the  upper  layer  of  quicksand  was  two  atmos- 
pheres, and  in  the  lower  layer,  from  seven  to  eight  atmoapheree. 

The  clear  diameter  of  the  shaft  was  13  ft,  5  ins.  Twenty-four  hoteB 
were  put  down  on  the  circumference  of  a  circle  having  a  diameter 
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C  26  ft.  2  ins.  The  freezing  tabes  were  placed  inside  the  lining  of 
le  bore-holeB.  Instead  of  having  their  lower  ends  welded,  the  freez* 
ig  tabes  were  oloeed  at  the  bottom  with  a  sorew-plng  which  conld  be 
Muoved  from  the  top.  This  prorision  was  made  in  order  to  allow  the 
icape  of  the  freezing  liqnid  npon  the  completion  of  the  work.  It  was 
lougbt  that  the  brine  wonld  help  to  thaw  the  pipes  free  and  aid  in 
leir  withdrawal. 

The  borings  were  started  in  the  middle  of  Jannary  and  completed 
bout  April  15th. 

The  refrigerating  apparatus  was  of  the  Garr^-Eropff  type,  and 
snsisted  of  three  machines.  One  had  a  capacity  of  1  ton  of  ice  per 
our,  and  each  of  the  others  a  capacity  of  half  a  ton.  Seldom  more 
lan  two  of  the  machines  were  nsed  at  a  time.  Congelation  required 
rom  Jnne  1st  to  December  2d,  1895. 

Sinking  was  commenced  on  December  2d,  and  progressetl  at  the 
lite  of  abont  3.3  ft.  per  day.  At  a  depth  of  108.3  ft.,  some  water 
Dtered  the  shaft,  and  sinking  was  interrupted  until  these  openings 
'sre  completely  frozen.  Below  a  depth  of  173.9  ft.,  theentire  central 
laes  was  congealed.  The  frozen  quicksand  had  the  compactness  of 
oft  sandstone,  and  was  excavated  with  picks  and  wedges.  Only  a 
ight  temporary  lining  was  required. 

Aft«r  passing  the  lower  qnioksand  bed,  on  February  10th,  1896, 
be  permanent  lining  was  begnn.  Except  through  the  quicksand,  the 
ning  was  of  masonry.  In  the  lower  strata,  iron  tubbing  was  used, 
nd  in  the  npper  strata  dove-tailed  concrete  blocks.  On  May  15th, 
896,  the  lining  was  completed  and  the  freezing  machine  stopped, 
lie  shaft  was  filled  with  water  at  a  temperatnre  of  60°  to  60°  Cent,  to 
ssist  the  setting  of  the  mortar  and  to  thaw  the  ice  wall.  On  pumping 
ut  the  shaft,  it  was  found  to  be  practically  tight. 

Prof.  Petrilk  gives  the  total  cost  of  lining  and  sinking  at  abont 
1140  per  foot. 

It  is  stated  that  the  air-shaft,  also,  was  sank  by  congelation. 
?his  shaft  was  about  130  ft.  from  the  winding  shaft. 

Ligney- Lea- Aire  Shaft. — This  shaft  is  in  the  Department  of  Pas-de- 
'alais,  France.     The  work  was  done  during  1895  and  1896. 

The  thickness  of  the  permeable  covering  to  be  penetrated  was 
ibont  270  ft.  The  borings  and  the  installation  of  the  freezing  machin- 
try  occupied  the  time  from  the  end  of  April  to  October  12th,  1895. 
[Congelation  was  started  on  December  19th,  producing  a  temperature 
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of  — S°  Centigrade.     The  temperatiire  of  tLe  ground  ftt  this  time 
+120. 

Sinking  was  begun  on  February  19th,  1896,  and  on  Ma;  6t1 
end  of  the  frozen  ground  was  reached,  at  a  depth  of  300  ft. 

The  lining  was  oast-iron  tabbing,  in  rings  5  ft.  high,  conaiatii 
eight  segmentB.  The  tnbbing  was  founded  on  a  timber  crib  a 
bottom  of  the  ahaft.  The  lining  was  completed  on  Jal;  16th,  18! 
Auboiti  Iron  Mine. — Ttiis  mine  iS  in  the  Department  of  UenrtI 
Hoaelle,  France.  Operations  were  begnn  in  1898,  and  the  shaf 
completed  jn  1900. 

The  oonetmotiou  of  other  ehafte  in  the  vioinitj,  by  diffi 
methods  involving  pumping,  proved  to  be  very  alow  and  oo 
Aooordingly,  it  wis  decided  to  adopt  the  Poetsch  process. 

The  flniahed  diameter  of  the  shaft  is  16.4  ft.,  but,  to  allov 
placing  the  lioing,  it  wae  excavated  to  a  diameter  of  16.6  ft. 
The  material  penetrated  was  as  follows; 

Soft,  shelly  yellow  lime-  Crystalline  limestone 9 

stone. SI. 2ft.     Crystalline  limestone 16 

Alternating    soft    yellow  Soft  yellow  limestone. . .   14. 

limestone    and    sandy  Gray  limestone 6 

marl 4  9"      Fermginoos  limestone. . .     6. 

Compact  limestone,  alter-  Hard  limestooe  and  marl.  11 . 

Dating  with  chalk  ....  29.6  "      Fermginons  limestone. . .     9. 

Very  hard  gray  limestone,  44.3  "      Gray  marl 9. 

Very  hard  white  grannlar  Fermginous  limestone. . .     S. 

limestone 14.7  "      Ferrn  gin  one  marl 9. 

Broken  crystalline  lime-  Fnre      gray     micaceous 

stone,  intercollated  in  marl 39. 

rare  places  with  chalk .  32.9  "  Total 338. 

Soft  yellow  limestone,  al- 
ternating with  crystal- 
line limestone  and  hard 
sand 42.7  " 

As  a  preliminary  to  making  the  borings,  a  well,  24  ft.  in  diamt 
was  sank  to  ground -water  level,  a  depth  of  abont  20  ft.,  and  lined' 
masonry.  It  was  first  planned  to  use  twenty  freezing  pipes,  loc 
on  the  circumference  of  a  circle  21.4  ft.  in  diameter.     Many  of 
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bore-holee,  however,  deviated  from  the  perpendionlar,  and  it  «w 
neocsB&rj  to  reject  those  which  approached  the  center  of  the  shaft 
Those  which  diverged  from  the  center  of  the  shaft,  of  from  each  other, 
were  accepted,  provided  the  deviation  was  not  too  great.  In  all, 
thirtj-one  holes  were  bored,  of  which  twenty-fonr  were  used  for  con- 
gelation. The  diameter  of  the  first  borings  was  8  ine.,  and  of  the  later 
ones  12  ins.  The  distance  of  the  latter  from  the  center  of  the  abaft 
was  also  increased  to  11.6  ft.  The  12-in.  holes  were  fonnd  to  be  much 
more  nearlj  vertical  than  the  8-in.  holes.  The  freezing  and  circolating 
pipes  were  4.8  ins.  and  1.3  ins.  in  ontside  diameter,  and  0.2  and  O.llT 
in.  in  thickness,  respectively.  The  depth  of  the  holes  was  469.3  ft. 
The  tops  of  the  freezing  pipes  were  jnst  above  the  bottom  of  the  welL 
One  hole  was  bored  in  the  center  to  relieve  any  pressnre  which  might 
be  occasioned  bj  variable  rates  of  freezing  in  the  difierent  strata. 

Congelation  began  on  March  29th,  1899,  with  two  Fizary  machines, 
each  having  a  capacity  of  2  200  lbs.  of  ice  per  hour.  Each  machine 
was  driven  by  an  80-H-F.  engine.  In  general,  the  temperature  of  the 
descending  brine  was  — I?''  Cent.,  and  of  the  ascending  — 12-  or  — 13° 
Centigrade.  Congelation  required  one  hundred  days,  and,  after  exca- 
vation was  started,  on  July  6tb,  only  one  machine  was  operated.  To 
facilitate  excavation,  a  hoisting  hoose  was  bnilt  over  the  shaft,  and  an 
annular  lining  was  placed  in  the  well  to  shut  ofi'  the  tops  of  the  freez- 
ing pipes  from  the  main  portion  of  the  shaft.  Black  powder  was  used 
at  first,  but,  later,  dynamite  was  adopted  with  much  better  resnItE. 
At  the  minimnm  temperature,  the  pipes  contracted  2.4  ins.,  and  thoee 
which  were  gripped  so  tightly  by  the  enrroonding  material  that  they 
oould  not  move  were  mptured  at  the  joints.  'When  a  leak  occurred 
opposite  the  nnlined  portion  of  the  excavation,  the  pipe  was  uncovered 
by  means  of  a  small  tunnel,  and  a  water-tight  gasket  or  collar  was 
placed  around  the  break.  When  the  breaks  could  not  be  reached  in 
this  way,  a  third  pipe,  2,76  ins.  in  diameter,  was  placed  in  the  bole, 
and  served  as  the  freezing  tube.  The  rate  of  progress  of  the  excava- 
tion varied  from  10  ins.  per  24  hours  in  hard  rock  to  6}  ft.  in  mica- 
ceous elay. 

Three  shifts  were  employed,  each  consiating  of  one  foreman,  seven 
miners  and  seven  helpers.  The  average  rate  of  excavation,  for  actual 
working  time,  was  23  ins.  in  a  24-bonr  day.  Very  little  temporary 
lining  was  required.   The  shaft  below  the  well  was  dug  in  six  sections, 
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it  which  the  upper  five,  aggregating  368  ft.,  and  paaeing  vhollj 
hrongh  -water-bearing  strata,  were  lined  with  cast  iron  backed  b; 
onorete.  The  sixbh  section  was  lined  with  maeoniy.  In  order  to  shnt 
iff  percolation,  at  depths  of  338  and  394  ft.  below  the  enrface,  masoory 
ings  enoloaing  the  freezing  tnbes  were  built  aronnd  the  shaft.  When 
he  freezing  pipes  were  nncovered  to  place  the  lower  ring  it  was  found 
hat  one  of  them,  IS-a,  was  not  coated  bj  frost.  This  indicated  that 
iircnlation  in  that  pipe  had  stopped.  At  about  the  same  time  one  of 
he  adjacent  tubes  was  pierced  by  a  drill  and  had  to  be  disconnected 
emporarilj.  I>ifficultj  in  locating  two  of  the  freezing  tubes  caused  a 
letaj  of  a  week  in  completing  the  masonry  ring.  At  the  end  of  that 
ime,  water  bnrat  into  the  shaft,  near  the  tube  18-a,  flowing  at  the  rate 
t  about  6  cu.  (t.  per  minute.  For  several  hours,  efforts  were  made  to 
lose  the  break,  but  the  flow  increased  gradually  and  compelled  the 
rorkmea  to  abandon  the  shaft.  In  order  to  prevent  the  wearing  awar 
if  the  ice  wall  by  this  flow,  water  was  pumped  in  from  the  outside 
mtil  all  flow  through  the  break  was  stopped.  To  hasten  congelation, 
he  second  freezing  maohine  was  started,  but,  a  .break  occurring  in 
ue  of  the  pipes,  all  the  brine  was  lost  and  congelation  had  to  be  suB- 
«nded.  Before  the  leak  could  be  located,  it  was  necessary  to  remove 
11  the  inner  tnbes.  These  were  secoud-haud,  and  bad  been  corroded 
ladly  by  long  exposure  to  the  brine.  Some  of  them  were  broken,  and 
DDch  time  was  lost  in  recovering  the  lower  portions.  The  scale  or 
-ost  from  the  pipes  had  fallen  to  the  bottom  of  the  freezing  tubes, 
llling  them  in  some  cases  to  a  depth  of  from  3  to  6  ft.  It  became  nec- 
esary  to  shorten  the  inner  tubas  by  corresponding  amounts  before 
hey  could  be  replaced.  Altogether,  fifty-three  days  were  lost  on 
■ccount  of  the  break  in  the  ice  wall. 

The  sinking  and  lining  were  completed  on  July  5th,  1900. 

Harchiea  Shaft,  Blaion  CoHiery.-— This  shaft  is  in  Harchies,  Belgium. 
fhe  sinking  was  accomplished  during  the  years  1699  and  1900. 

The  shaft  is  787  ft.  deep,  and,  on  account  of  the  nature  of  the 
naterial  eucoantered,  Mr.  Saclier,  who  prepared  plans  for  the  work, 
considered  some  special  precautions  necessary.  The  trial  boring, 
?ig.  14,  showed  that,  between  the  depthsot  76.6  ft.  and  168.0  ft.  below 
he  surface,  there  existed  a  bed  of  impermeable  clay,  and,  directly 
Mneath  this,  575.8  ft.  of  water-bearing  material,  mostly  grcensand. 
rhe  specific  beat  of  the  clay  was  said  to  be  not  more  than  0.2,  while 
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tliat  of  the  greensand,  owing  to  the  large  qnantit;  of  water  it  carried, 
wae  thought  to  be  much  higher.  Under  theee  oonditioDs,  it  wu 
probable  that  tfab  day  within  the  ring  of  the  fieeeitig  tnbes  would  be 
frozen  to  the  center,  while  beneath  there  wonld  exist  a  cylinder  of 
nncongealed  Band  and  water  anrronnded  b;  an  Bunalar  ring  or  wall  of 
frozen  material.  The  farther  thickening  of  the  ice  wall  toward  the 
center  would  give  riae  to  preeatire  in  the  central  cylinder,  which 
would  no  longer  be  relieved  by  the  escape  of  the  water  upward 
through  the  olay.  It  is  conceivable  that  this  preaanre  might  become 
great  enough  to  flatten  or  crack  the  freezing  tnbes,  or  even  mptnie 
the  ice  wall  itself.  In  order  to  guard  against  this  contingency,  a 
central  tnbe  was  put  down  to  the  bottom  of  the  gteensand  to  form  a 
means  of  escape  for  the  water  under  pressnre  by  rising  and  flowing 
off  at  the  snrfaoe.  To  prevent  the  tube  from  being  closed  by  froesing 
through  the  olay,  a  steam  pipe  was  provided  whereby  it  could  be 
warmed  down  to  the  bottom  of  the  clay.  It  was  also  thought  that  by 
observing  the  pressure  of  the  water  in  the  tube  a  fair  idea  could  be 
obtained  of  the  progress  of  congelation.  Although  the  shaft  has  been 
completed,  information  is  not  at  hand  to  show  whether  these  theo- 
retical conditions  existed  in  actual  practice. 

The  bore-hole  previously  mentioned  penetrated  the  followiug 
formations ; 

Vegetable  earth 1.6  ft.     Oreensand 216.9  ft. 

Chalk 26.6  "      Clayey  greensand 60.7" 

Glauconiferous  marl. . .         4.8  "      Oreensand 206.0  " 

Chalk li.3  "      Clayey  greensand 89.0  " 

Bine  impure  limestone.       29.2  "      Soft  yellowish  sand. . . .       23.4  " 

Impermeable'  clay 91.4  "      Coal  measures 826.1  " 

Tourtia 5.7  "  Total 1071.7  ft. 

The  strata  below  the  impermeable  clay  and  above  the  cool  measures 
contained  water  under  sufficient  pressure  to  produce  a  flowing  well  with 
ahead  of  16. 4  ft. 

.Fig,  14  shows  the  freezing  pipes  surrounding  the  shaft. 

The  freezing  machine  was  rented  from  the  Anzin  Company,  and 
was  the  same  as  that  nsed  for  sinking  the  Vicq  pits. 

Congelation  was  commenced  on  May  16th,  and  sinking  on  Angnst 
let,  1699.     Several  of  the  freezing  tabes  were  ruptured,  and,  instead 
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of  tryiDg  to  repair  them,  the  inner  tube  was  withdrawn  and  repl 
by  two  email  pipea  connected  at  the  bottom.  This  arrange] 
worked  very  satiBfactorily. 

The  excavation  waa  completed  on  October  24th,  1900.  V 
freezing  was  diecontintted,  the  inner  tubes  were  withdrawn  and 
freezing  tnbes  were  filled  with  concrete. 

The  lining  was  placed  in  sectione  of  164  ft.  each.  At  the  botto 
each  seotion  was  formed  a  ledge  supporting  cribe,  from  whicl 
lining  waa  started.  Tlie  latter  was  in  rings,  4  ft.  10  ins.  high,  oai 
four  segments.  While  the  lining  was  being  placed,  excavation 
in  progress  in  the  next  section  below. 

The  Poetech  process  was  adopted  for  sinking  Shaft  No.  2,  ii 
same  locality. 

Maria  Shaft.— Thin  shaft  belongs  to  the  Maria  Mine,  near  Aai 
Germany,  and  was  sunk  during  1899  and  1900. 

It  was  designed  for  both  hoisting  and  ventilation,  and  replaci 
old  ventilating  shaft.  Its  total  depth  is  about  270  ft.  The  mat 
was  water-bearing  to  a  depth  of  about  188  ft.  Congelation 
adopted  for  this  portion  of  the  work.  The  contract  was  givi 
Gebhardt  and  Koenig,  of  Nordbausen.  The  contractors  ag 
barring  certain  unavoidable  accidents,  to  complete  the  188  1 
'  fifteen  mouths,  from  July  1st,  1899.  The  proprietors  of  the 
guaranteed  that  no  warm  springs  or  salt-water  deposits  would  b 
count«red.  The  contractors  were  to  maintain  the  ice  wall  nnti 
lining  was  placed  aud  a  safe  connection  made  with  the 
material. 

The  shaft  was  circular  in  plan,  and  13.1  ft.  in  diameter. 

The  material  in  the  first  168  ft.  was  clay,  gravel,  sand,  sandy  cla; 
firm  clay.  The  order  of  their  occurrence  is  shown  in  Fig.  37. 
water  level  was  56.3  ft.  below  the  surface. 

The  borings  for  the  freezing  tubes  were  started  from  the  bott< 
a  well  27.5  ft.  deep.  There  were  twenty-four  freezing  tubes,  b] 
equidistant  on  the  periphery  of  a  circle  24.6  ft.  in  diameter, 
bore-holes  were  7}  ins.  in  diameter  at  the  surface,  and,  approximi 
6  ins.  at  the  bottom.  They  were  190.2  ft.  deep.  The  inside  dial 
of  the  freezing  tubes  was  3}  ins.  The  inside  diameter  of  the  ciri 
ing  tubes  waa  1  in.,  and  the  metal  was  }  in.  thick.  The  fre 
tubes  were  provided    with  elastic  joints,  in  order  to  permit 
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lOntraction  under  low  temp«ratureB.  The  c&aingB  of  the  bore- 
iol«s  vere  witbdrawD  after  the  freezing  tnbea  were  placed.  The 
rollectmg  and  cironlating  riaga  vere  placed  at  the  bottom  of  the 
reJl. 

The  freezing  apparattiB  was  driven  by  a  120-H.-P.  engine.  The 
reezing  medium  was  chloride  of  magneHinm,  The  freezing  machine 
FRs  started  on  March  33d,  19UD,  bat,  owing  to  delaja  for  some  im- 
)roTemeiita  made  in  the  apparatne.  it  did  not  work  regularly  until 
Oaf  2&th. 

I>arLng  the  delay,  the  shaft  was  excavated  down  to  ground-water 
evel  and  lined  with  U-ruigs  of  fluted  tubbing.  On  June  20th,  1900, 
he  excavation  waa  carried  to  a  depth  of  4.4  ft.  below  water  level, 
["he  material  was  yellow  sand,  and  water  entered  from  the  sides, 
exposing  some  of  the  freezing  tubes. 

Excavation  was  diacontinued,  and  the  shaft  was  refilled  with  sand 
knd  clay.  On  July  16th,  excavation  waa  resumed,  although  the  un- 
rozen  core  was  still  11  ft.  in  diameter.  The  size  of  the  core  decreased 
^adnally,  and,  at  a  depth  of  33  ft.,  it  became  necessary  to  point  the 
rails  of  the  shaft.  Later,  resort  was  had  to  blasting  with  compressed 
>owder.  The  holes  were  about  4  ft.  deep,  and  inclined  at  an  angle  of 
'5**  toward  the  center  of  the  shaft.  The  charges  used  consisted  of 
rom  7  to  10  oz.  of  powder.  In  sinking  the  shaft,  there  were  three 
1-hour  shifts  of  eight  men  each  per  day.  The  131  ft.  below  ground- 
vater  were  excavated  in  forty  days.  It  was  feared  that  the  low 
emperature  would  have  an  injuriouB  effect  on  masonry.  Iron 
ubbing  was  adopted  for  the  lining. 

As  shown  in  Fig.  37,  the  soft  core  was  found  to  be  located  qnite 
tccentrically  to  the  center  of  the  shaft.  Two  of  the  bore-boles  had 
leviated  so  far  from  the  perpendicular  that  they  were  encountered  by 
.be  excavators.  The  tubes  were  thrown  out  of  commission,  temporarily, 
tnd  those  portions  within  the  shaft  were  cut  off.  The  end  was  then 
closed  and  the  use  of  the  shortened  tubes  resumed. 

A  leak  occurred  in  the  ice  wall  a  short  distaiice  below  water  level, 
Dut  the  water  waa  collected  in  a  pipe  and  hoisted  to  the  surface. 

Ronnenhurg  AVeaH  ITort*.— These  works  are  near  Hannover,  in 
Qermany.     Work  was  begun  in  1898  and  completed  in  1901. 

The  first  plan  adopted  was  to  sink  by  ordinary  methods  for  181  ft., 
and  then,  with  hydraulic  pumps,  force  down  a  caat'iron  shell  pro- 
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Tided  with  a  cutting  edge.  The  inside  diameter  of  the  fl»t  eection 
was  21,3  ft.  It  was  lined  with  masonry  2.6  ft.  thick.  Below  a  depth 
of  28  ft.  the  quantity  of  water  pnmped  was  2i  en.  ft.  per  second,  and, 
below  a  depth  of  8B.6  ft.,  the  character  of  the  material  proved  to  be 
very  bad.  At  a  depth  of  106  ft.  the  masonry  walls  were  displaced 
laterally  4  ius.  In  apite  of  all  effort,  the  pit  soon  filled  with  water  op 
to  a  depth  of  25  ft.  After  experimenta  had  shown  that  the  gionnd- 
water,  which  contained  about  B%  of  salt,  could  be  frozen,  the  Poetach 
process  was  adopted.  Tests  were  made  with  brine  solutions  contain- 
iug,  respectively,  i,  8,  10,  and  12?^  of  chloride  of  sodium.  These 
solutions  were  placed  in  the  ice  machine  and  submitted  to  a  tempera- 
turw  of  —12°  Cent,  for  18  hours.  The  shaded  areas,  in  Fig.  38,  show 
the  ice  formed  in  that  time.  The  proportions  of  salt  in  the  ice  and  in 
the  nucDDgealed  liquid  are  also  given  for  each  case. 

The  finished  diameter  of  the  shaft  was  19.7  ft. 

The  material  penetrated  was  as  follows; 

Soil 1.6  ft.     Firmly  compact  gypsum. 128. 8  ft. 

Yellow  sandy  clay 14.8"      Very  firmly  compact  gyp- 
Sand  and  clay 10.7  "  sum 18.0  " 

Sand  2.3  "      Gjpflum,  with  clay 59.7  " 

Blue  and  yellow  clay. .. .     4.7  "      Oypsum,  with  gray  and 

Blue  clay 61.2  "  green  clay 4.8  " 

Oypsum 30 , 7  "      Oreen  clay,  with  grains  of 

Fissured  gypsum 24.6  "  quartz  and  apatite 41.0  " 

tiypsum 2.8  "      Firmly  compact  gypanm.  17.5  " 

Sand 2.6  "      Gypsum,  with  clay 0.5  " 

Oypsum 5.9  "      Firmly  compact  gypsum.  32,8  " 

Fissured  gypsum 4.8  "  Total 459.3ft. 

The  freezing  tubes  were  put  down  on  the  periphery  of  a  circle 
having  a  diameter  of  29}  ft.  Considerable  trouble  was  caused  by  the 
deviation  of  the  holes  from  the  vertical.  In  all,  thirty-five  holes  were 
bored,  bat  probably  only  thirty  were  used  for  congelation.  The 
freezing  tnbes  were  413  ft.  long.  One  hole  was  bored  in  the  center  of 
the  shaft  to  a  depth  of  2  963  ft.,  but,  afterward,  it  was  plugged  st » 
depth  of  577.5  ft.  The  diameter  otthe  freezing  pipes  was  5  ins.  and 
the  thickness  of  the  metal  ^  in.  Common  gas  pipe,  If  ins.  in  diame- 
ter, was  used  for  the  circulating  pipes.     The  circulating  and  collector 
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rings  were  of  oast-iron  pipe,  11  ioB.  in  diam 
gronnd  were  painted  with  a  ooating  of  tar  and 
cork  and  aahee.  The  ringa  were  placed  atadej 
the  surface,  to  avoid  the  effeote  of  surface  tern 

In  the  design  of  the  freezing  apparatus,  iti 
on  account  of  the  salt  in  the  ground-water.  T 
was  240  000  f rigories  per  hour  at  —25°,  or  800  fl 
A  test,  however,  showed  the  aotnsl  output  t< 
— 15°  Centigrade. 

The  refrigerator  was  of  the  Fizarj  tjpe, 
engines  developing  70  or  80  H.-P.  A  28% aolw 
was  used  in  £reezii(g. 

Congelation  was  started  on  January  19th, 
Uaj  1st,  1901.  At  that  time  the  temperature 
.taming  to  the  machine,  was  about  the  same 
pipes,  i.e.,  — 20^  Centigrade.  On  July  15th,  a  d 
reached  without  incident.  Blasting  was  perm 
of  the  shaft,  and  esoavation  was  carried  on  i 
shovels. 

Pit  No.  2,  Ligney-Les- Aire. —TbiB  shaft  is  i 
NortherD  France,  and  was  sunk  in  1900-1901. 

The  material  penetrated  was  as  follows: 

Vegetable  earth 7.1  ft.     Yellowish 

White  marly  chalk 69.1  "      Blaish  cla; 

Total. 

The  water  level  was  at  a  depth  of  114.8  ft., 
deal  of  water  to  contend  with. 

The  finished  diameter  of  the  shaft  was  13.1 : 
borings,  a  pit,  23  ft.  in  diameter,  was  sunk 
Eighteen  holes  were  then  put  down  from  the  I 
ferenoe  of  a  circle  having  a  diameter  of  19.7  ft. 
was  305.1  ft.  The  borings  were  commenced  on 
on  September  29th,  1900. 

A  Fizary  machine,  having  a  capacity  of  2 
used  for  congelation. 

The  period  of  excavation  and  freezing  ext 
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I,  1900,  to  June  24tb,  1901.     The  total  time  required  waa  two  hnn- 
)d  and  twenty -ae Ten  days. 

Washinglon  Colliery. — This  colliery  ie  near  Washington,  in  Oonnt; 
irham,  England. 

The  first  or  larger  shaft  to  which  this  description  is  mainly  devoted 
s  Book  in  1902. 

Some  old  abandoned  openings  exieted  on  the  property,  bnt  the 
nere  decided  to  install  a  modem  system  of  working,  and  disoarded 
t  old  pits.  The  adopted  plan  called  for  two  circular  shafts,  14  ft. 
1 12  ft.  in  diameter,  respectively.  As  there  had  been  mnoh  trouble 
sinking  by  ordinary  means,  in  the  same  locality,  the  Poetsch  pro> 
m  was  adopted  from  the  first.  Considerable  interest  is  attached  to 
is  sinking,  as  it  is  said  by  Mr.  Mark  Ford,  the  manager,  to  be  the 
it  application  of  the  process  in  England.  The  contract  for  both 
tfts  was  given  to  Messrs.  Gebhardt  and  Koenig,  of  Nordhaueen, 
raiaoy.  The  installation  of  mnoh  of  the  plant  was  made  with  regard 
the  sinking  of  the  smaller  shaft,  bat,  from  the  information  at  band, 
loea  not  appear  that  actual  operation  were  begun  on  the  smaller 
til  after  completion  of  the  larger  pit. 
The  material  penetrated  was  as  follows: 


a 1.3ft. 

How  sand,  dry 34.5  " 

«j  sand,  wet 41.3  " 

necUy 0.1  " 

'ay  sand,  with  a  gravel 

bed,  damp 2.8  " 


Clay,  with  boulders,  dry. ,  12.9  ft. 

Loamy  clay,  dry 5,2  " 

Stiff  clay,  with  boulders, 

dry 9.6" 

Yellow  freestone 13.0  " 

Total 120.2ft. 


The  wet  sand  contained  about  19.6^  of  water. 

As  a  preliminary  to  einking  the  tubes,  a  well,  24  ft.  in  diameter, 
IS  sunk  to  a  depth  of  24  ft.   This  well  was  lined  with  plank  supported 

wooden  cribs,  6  ins.  square  and  spaced  3  ft.  apart.  Twenty-two 
ire-holes  were  spaced  equidistant  around  a  circle  having  a  radios  of 
.25  ft. 

The  borings  penetrated  the  freestone  1  ft.  6  ins.  The  holes  were 
ns.  in  diameter,  and  considerable  trouble  was  experienced  in  keep- 
g  them  vertical,  especially  through  the  boulder  day.  Four-in, 
wzing  tubes  with  outside  sleeve  joints  were  inserted  in  the  holes, 
id  the  casings  withdrawn.     Six  sets  of  casings  served  for  twenty- 
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two  holes.  The  circnlating  tubes  were  1  in.  in  diameter.  The  cir- 
colating  and  collector  rings  vere  abont  8  ft.  above  the  bottom  of  the 
well.  Id  the  middle  of  the  shaft  was  placed  a  tiu>e,  18  ft.  deep,  trom 
which  the  temperature  sad  height  of  the  water  were  noted,  "as  the 
gradnal  increase  of  the  ice  wall  slowlj  caused  the  water  to  rise."  Be- 
fore starting  congelation,  the  top  ot  the  shaft  was  enclosed  and  the 
exposed  pip^s  were  coveted  with  straw  rope. 

The  freesdug  plant  was  of  the  ordinary  ammonia  tjpe,  and  was  in 
daplicate.  The  engines  were  of  55  H.-P.  The  circulating  medinio 
was  a  solution  of  chloride  of  magnesiam  containing  about  2%%  of 
salt.  This  solution  freezes  at  a  temperature  of  ^Bi°  Centigrade. 
The  temperature  of  the  solution  on  leaving  and  returning  to  the  re- 
frigerator is  shown  clearlj  in  Fig.  10.  The  brine  was  circulated  at  the 
rate  of  144  galls,  per  minute.  The  initial  freezing  period  covered 
fort^- three  days. 

On  May  6th,  1902,  at  the  end  of  the  forty-three  days,  excavation 
was  commenced.  The  sinking  was  made  17.8  ft.  in  diameter  to  allow 
for  lining.  Through  the  sand,  a  core,  6  ft.  in  diameter,  was  always 
soft,  and  the  remainder  could  be  worked  readily  with  a  pick.  In 
eleven  days  66  ft.  were  excavated.  In  the  clay,  however,  the  ice  wall 
wae  much  thicker.  The  central  core  was  partially  frozen,  and  never 
more  than  2  ft.  in  diameter.  Becoarae  was  had  to  blasting,  but, 
owing  to  the  brittle  condition  of  the  tubes,  great  care  had  to  be  exer- 
cised. Gelignite  was  used  as  the  eiploBive,  and  the  chargee  consisted 
ot  1  lb.  to  a  hole.  Brine  had  to  be  need  instead  of  water  in  drill- 
ing, as  the  latter  froze  so  qnickly  that  it  held  the  drills  in  the  holes. 
One  of  the  freezingtabes  wae  split,  probably  owing  to  the  efibcts  ol  a 
shock,  and  had  to  be  thrown  out  of  nse.  In  the  sand,  the  shaft  wu 
sheathed  temporarily  with  wooden  cribs,  6  ins.  square,  and  lagged 
with  planks.  For  a  short  distance  in  the  wet  sand,  iron  was  used,  in- 
stead of  wood.  Aa  soon  as  the  freestone  was  reached,  a  cast-iron 
■egmental  ting  was  placed,  and  from  this  the  permanent  liniag  of 
brickwork  was  started. 

In  general,  the  lining  consisted  of  two  concentric  rings  of  brick- 
work, each  9  ins.  thick,  with  a  2-is.  annular  apace  between  them. 
This  space  was  filled  with  cement.  The  brickwork  was  laid  in  cement 
mortar.  To  prevent  the  mortar  from  freezing,  it  was  mixed  with 
water  containing  7^  of  caustic  soda.     After  the  completion  of  the 
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Ding,  the  freezing  tnbee  were  removed  and  the  holes  filled  with 
tment  mortar-  The  removal  of  the  tobee  wob  facilitated  bj  the  cir- 
ilation  of  eteam,  bat,  in  some  cases,  the  lower  sections  were  lost. 

There  was  some  diferenoe  of  opinion  as  to  the  Decessit;  of  freezing 
e  boulder  olaj,  bnt  the  contractors  refused  to  take  any  responsi- 
litj  as  to  the  sinking  of  the  second  pit  if  it  were  not  done. 

SAq/T  2io.  1,  Laura  and  Vereeniging  CoRiertf. — This  colliery  is  in  the 
rovinoe  of  Ldmbn^,  Holland. 

The  date  of  the  work  is  not  given,  bnt  was  probablj  some  time 
iring  the  years  1900  to  1903,  inclnsive. 

As  abont  270  ft,  of  watery  sand  were  to  be  penetrated  before  the 
>al  meaaareB  were  reached,  the  Gebbardt  and  Koenig  process  was 
lopted.  Thie,  apparently,  is  the  Poetsoh  process  improved  and 
odified  in  some  of  its  details. 

The  shaft  is  14.&ft.  in  clear  diameter. 

The  material  penetrated  was  aa  follows: 
oam 26,6ft.      Oreensand 1.9ft. 


ravel 4.6 

reeneand U.i 

bIIow  sand 18.1 

reensand 81 . 8 

reen  clay 45.9 

reensand 6.6 

reen  clay 6.6 


Clay,  mixed  with  shells..    8.2  " 

Sandy  day IS.l  " 

OreeDsand 36.1  " 

Gray   sand,    with  brown 

streaks 18.1  " 

Qreeneand 48.6  " 

Total 323.0  ft. 


The  water  level  was  at  a  depth  of  27.9  ft.  The  296.1  ft.  between 
e  water  level  and  the  coal  meaeores  were  all  heavily  water-bearing. 
be  coal  measares,  themselves,  to  a  depth  of  833.0  ft.  below  the  snr- 
oe,  were  fiasored,  and,  consequently,  contained  considerable  water, 
slow  this  there  was  a  layer  of  compact  sandstone,  then  compact, 
aty  gronnd.  Frevions  to  sinking  the  freezing  tubes,  a  well,  about 
)  ft.  in  diameter  and  28  ft.  deep,  was  sunk  and  lined  with  rings  of 
lannel  irons  supporting  planking. 

From  the  bottom  of  this  well,  twenty-fonr  freezing  pipes  were  put 
own  on  a  circle  having  a  diameter  of  23.9  ft.  The  freezing  tubes 
ere  1  ins.  in  diameter,  and  were  provided,  at  about  mid-depth,  with 
lostic  anions  to  prevent  breakage  by  contraction.  The  depth  to  which 
le  tabes  were  placed  is  not  stated,  but,  probably,  they  did  not  pene- 
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trate  very  deeply  into  the  oool  meaanres.  Tbej  were  tested  carefully 
ae  to  their  vertioality,  and,  later,  were  found  to  be  practically  trae. 
The  circalating  tabes  were  1}  ins.  in  diameter.  The  distance  between 
the  borings  was  abont  2.9  ft. 

The  cold-prodncing  apparatus  was  of  the  carbonic-acid  type,  and 
a  doable  compressor  was  nsed.  The  refrigerating  Uqnid  was  a  30^ 
solution  of  chloride  of  magneBium,  and  left  the  cooling  tanks  at  a 
temperatnre  of  — 20°  Geotigrade.  In  eight  days  after  the  freezing  ma- 
chine was  started,  the  wall  of  ice  around  each  of  the  pipes  was  20  ine. 
thick.  During  the  early  portion  of  the  freezing  period  .there  were 
eeverot  intermptiona. 

Sinking  was  b^un  three  months  after  congelation  was  started. 
For  the  entire  distance  down  to  the  coal  measures  there  was  an  on- 
trozen  central  core.  Excavation  was  carried  on  with  hammerB  and 
obiseb.  No  powder  was  used,  as  there  was  some  .fear  of  injuring  the 
ioe  walls.  There  were  occasional  soft  spots,  dne  to  the  escape  of  the 
freezing  solution,  but  these  did  not  cause  any  trouble.  The  rate  of 
progress  was  about  4.9  ft.  per  day,  and  the  coal  measures  were 
reached  without  incident.  However,  on  attempting  to  widen  the 
shaft,  in  the  coal  measures,  a  collapse  occurred  on  the  south  aide  of 
the  shaft.  The  pit  was  partiaUy  filled  with  water,  and  sand  rose  to  s 
height  of  131  ft.  In  order  to  prevent  further  damage  to  the  ioe  wall, 
the  shaft  was  filled  with  water  up  to  its  natural  level.  To  strengthen 
the  ice  wall,  six  tnbee  were  put  down  on  the  south  side  of  the  shaft 
and  on  the  periphery  of  a  circle  36  ft.  in  diameter.  Twelve  tubes 
were  also  sunk  inaide  the  shaft  as  near  as  possible  to  the  walls.  All 
these  tubes  extended  33  ft.  into  the  coal  meaanres.  In  boring  the 
outer  holes,  no  cavities  were  discovered  behind  the  ice  wall,  but  the 
ground,  evidently,  had  been  greatly  disturbed.  During  this  opera- 
tion, two  aubsidenoes  of  the  earth  occurred  on  the  south  aide  of  the 
shaft.  The  sinking  of  the  holes  inside  the  shaft  was  accomplished 
with  considerable  difficulty,  particularly  as  the  workmen,  on  abaod- 
ouing  the  shaft,  had  left  all  their  tools  behind.  After  freezing  h*d 
advanced  sufficiently  in  the  new  tubes,  the  work  of  excavating  the 
sand  was  started,  and,  at  a  depth  of  230  ft.,  the  mass  was  found  to  be 
entirely  frozen. 

The  provisional  timbering  was  uninjured,  and  the  channel  rings 
were  in  their  original  position.     This  indicated  that  the  ice  wall  had 
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KGRAM  SHOWING  DEVELOPMEMT  Of  SORE-HOLES  MARKED  IN  FIG.' 
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U  shown  by  the  black  urrow  head. 
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remaiaed  andistarbed.  It  was  soon  found  that  the  tubes  inaicle  the 
shaft,  parlicolarlj  those  on  the  north  side,  had  deviated  very  consid- 
erably from  the  perpendicular.  The  position  of  all  the  holes  of  the 
second  set,  at  the  level  of  278.9  ft.  helow  the  ground,  is  shown  in 
Fig.  39.  At  the  depth  of  309  ft.  the  deviations  had  increased  consid- 
erably, and  it  was  not  deemed  safe  to  proceed  further  with  the  eio- 
Tation  until  additional  tubes  were  placed.  The  bent  tubes  vere 
removed,  and  a  third  series,  of  fourteen  holes,  was  started  on  tlie 
level  of  308  ft.  below  the  surface  of  the  groand,  and  located  as  shown 
in  Fig.  40.  In  order  to  avoid  interfering  with  the  wedging  cribs,  nsed 
for  supporting  the  permanent  lining,  these  new  holes  were  started  on 
an  inclination  of  6^  ontward  from  the  vertical.  To  guard  against  a 
sadden  inrush  of  water,  the  boring  rods  were  worked  through  stuff- 
ing boxes  in  hollow  guides  set  in  concrete  at  the  bottom  of  the  shaft. 
The  cold  was  severe,  the  temperature  being  at  times  as  low  ae  — IS'' 
Centigrade.  The  water  tor  washing  out  the  borings  froze  qnickly  even 
when  warmed,  and  it  was  found  necessary  to  use  a  weak  solution  of 
chloride  of  magnesium. 

Id  making  these  borings,  the  limit  of  congelation,  indicated  by  the 
'  presence  of  water,  was  noted,  and  is  shown  graphically  on  the  devel- 
oped surface,  Fig.  42.  The  freezing  tubes  had  to  be  inserted  quickly 
in  Older  to  let  as  little  water  as  possible  into  the  shaft.  Tube  No. 
11  gave  considerable  trouble,  as  a  spring  of  water  broke  out  along 
the  outside  and  could  not  be  stopped  even  after  freezing  was  started. 
After  a  number  of  expedients  had  failed,  it  was  finally  choked,  at  the 
end  of  about  four  weeks'  time.  This  third  series  was  connected  to 
circulating  and  collector  rings  placed  abont  20  ft.  above  the  bottom 
of  the  shaft.  After  congelation  had  been  completed,  Holes  Nos.  15, 
16,  and  17,  Fig.  12,  were  driven  to  a  depth  of  349  ft.,  and  showed 
that  the  ground  was  completely  frozen.  The  freezing  tubes  which 
were  working  at  this  stage  are  shown  in  Fig.  41.  Forty  freezing 
tubes  were  now  in  operation,  and  it  was  feared  that,  through  the 
intense  cold,  the  expansion  of  the  material  might  fracture  the  frost 
wall,  and  for  this  reason  some  of  the  pipes  were  put  out  of  nss 
occasionally. 

Soon  after  the  resumption  of  the  excavation,  it  was  found  that  the 
tubes  of  the  third  series  were  all  nearly  vertical  and  did  not  leave  room 
for  placing  the  ordinary  wedge  cribs  for  supporting  the  lining.    At  * 
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eptli  of  336  ft. ,  eioaTation  vas  suspended.  Two  Anted  tabbing  rings 
rei«  designed,  to  take  the  place  ol  the  wedge  cribs,  and  served  the 
^rpose  admirably.  These  nogs  were  composed  of  aegmentH,  60  ins. 
igli,  and  had  two  horizontal  ribs  as  well  as  flanges  for  the  fnll  length 
f  the  eegment.  Between  these  ribs  the  web  was  arched  ontward. 
Iteae  rings  did  not  differ  from  the  ordinary  rings  used  for  the  entire 
liaft,  except  in  the  arched  webs.  The  two  rings  were  placed  care- 
ill;  at  the  bottom  of  the  excavation,  and  the  space  between  them  and 
ie  ice  walls  was  filled  with  a  qniok-setting  concrete.  To  render  the 
Dncrete  frost-proof,  a  20^  aointion  of  oalcidnm  was  added,  and 
rored  rerj  satisfactory.  Pieviona  experiments  proved  that  A  solution 
t  soda  failed  in  its  effect,  and  that  a  solution  of  magnesinm  chloride 
iminisbed  the  solidity  of  the  concrete.  After  the  tubbing  was 
>mpleted  to  the  aarfaoe,  excavation  was  resnmed. 

The  time  required  for  completing  the  shaft  to  the  coal  measnTes  was 
renty  and  one-half  months,  divided  as  follows: 

Making  borings  and  fitting  up  tabes 3  mouths. 

Mounting  ice  machine,  etc 2        " 

Congelation 3        " 

Sicking,  before  accident 3        " 

Placing  additional  tubes  and  congelation...     8|      " 

Excavation,  etc 1       " 

Total  20i  months. 

Work  is  now  in  progress  on  a  second  shaft,  and,  profiting  by 
iperience,  the  tubes  will  be  sunk  about  16  ft.  into  the  coal  measures. 

Otheb  Pbojbctb. 

Under  this  heading  are  included  the  projects  for  and  actual  applioa- 
on  of  the  freezing  process  of  which  only  brief  mention  has  been 
mnd.    Such  information  as  is  available  is  given  in  each  case. 

Bucharest,  Roumania. — Engineering  Neies,  ot  July  5th,  1H84,  states 
lat  Mr.  Poetsch  has  just  closed  a  contract  to  sink  a  series  of  bridge 
iers  at  the  above  locality.  The  writer  has  been  unable  to  find  any 
irther  details  in  regard  to  this  matter,  and  is  uncertain  whether  or 
Lit  the  contract  was  ever  carried  out. 

Wyoming,  Penmylvania. — Mr.  Edward  L.  Abbott,  and  a  number  of 
le  technical  jonmalB,  refer  to  the  tact  that  freezing  pipes  were  being 
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placed  for  sinking  a  shaft  in  the  Wyoming  Tallej,  Pennsylvania.  So 
fnrther  published  information  oould  be  found,  but  inqnirj  of  Hr.  B. 
V.  Uorris,  Chief  Engineer  of  the  Coal  Companies,  Wilkeabarre, 
Pennsylvaaia,  elioited  the  following  information: 

"  I  find  on  investigation  that  the  freezing  process  has  never  been 
actnallj  used  in  shaft  sinking  in  this  region,  though  it  has  been  at- 
tempted in  one  case  of  which  the  following  is  the  history  given  by  Mr. 
J.  n.  Crawford,  now  of  the  Peoples  Coal  Company,  Scranton,  Pa. 

"  In  1899  the  Mt.  Lookout  Coal  Companj,  of  which  Mr.  Crawford 
was  then  Superintendent,  started  to  sink  tyo  shafts  near  Wyoming^ 
the  strata,  as  developed  by  teat  holes,  showing  approximately  32  ft. 
of  dry  gravel,  and  70  ft.  quicksand  above  the  rock.  The  first  shaft 
was  sunk  by  pneumatic  process  with  a  square  caisson,  and,  while  it 
was  in  process  of  sinking,  an  attempt  was  made  to  sink  a  second  by 
the  freezing  process,  pipes  being  pnt  in  from  6  to  7  ft.  apart  in  a  circle 
aronnd  the  proposed  ^ft  driven  1021  f^-  ^*^  ^'^^  f^"*^  ^  ^-  farther 
into  the  rook  itself,  which,  from  the  bore-hole  indications,  was  sup- 
posed to  be  solid.  A.  freezing  mixture,  at  a  temperatnre  varying 
from  6"  to  7^  below  uero,  was  oiroolated  in  the  pipes  for  a  period  of 
abont  seven  weeks,  when  the  first  shaft's  caisson  reached  rook  which, 
instead  of  being  solid,  was  found  fissured  for  18  ft.  below  its  surface, 
and  with  a  large  flow  of  water  from  the  fissures. 

"  With  this  information,  the  Ht.  liookont  Goal  Company,  decided 
that  it  would  be  impossible  to  succeed  with  the  freezing  process, 
with  pipes  extending  only  5  ft.  into  the  rock,  so  abandoned  the 
attempt  and  BncceBsfally  sunk  the  second  shaft  with  a  pneumatic 
caisson,  finding  rock  at  102^  ft.,  as  above,  bnt  only  succeeding  in 
making  a  water-tight  joint  in  solid  rock  at  a  depth  of  110  ft.  belowthe 
surface,  the  ilssured  rock  extending  in  this  shaft  for  about  35  ft. 
below  the  rock  surface." 

"While  considerable  time  elapsed  between  the  cessation  of  the 
freezing  and  the  sinking  of  the  caisson,  the  ground  passed  through  is- 
said  to  have  been  quite  well  frozen,  and  Mr.  Crawford  gives  as  his 
opinion  that  had  it  not  been  for  the  fissured  rook  the  freezing  process 
would  have  been  a  success." 

Sulphur  Mine,  Calcasieu  Parish,  Louitiana. — For  many  years 
attempts  have  been  made  by  various  companies  to  sink  a  shaft  to  the 
rich  sulphur  deposits  occurring  in  this  parish,  bnt  all  have  failed. 

In  1886  the  National  Salphnr  Company  proposed  to  nae  tbe 
Poetsch  process.  It  appears,  in  the  foUowing  quotation  from  a  recent 
letter  of  Mr.  M.  F.  Eerr,  Assistant  State  Engineer  of  Lionisiana,  that 
no  actual  work  was  done, 

"  No  plant  for  operating  the  process  was  ever  installed  at  tbe 
Sulphur  Mines,  in  Calcasieu  Parish.      Only  the  right  to  operate  was 
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tcqnired  bj  mjeelf  and  MBooiates  at  the  time,  and  nothing  more  thnn 
tn  eiaminBtioD  into  its  merits  aa  applied  to  that  looalitj  looked  into, 
u  explained  in  the  article  to  which  jow  refer. 

"The  conolnaion  was  at  the  time  arrived  at  that  the  process  vas 
>iiiinentlj  fitted  to  aooomplinh  the  objects  in  view,  hnt  a  failure  to 
^pitalize  the  enterprise  flnallj  canaed  UB  to  abandon  the  project  and 
ihe  process  was  not  pnt  into  test  there." 

The  article  mentioned  in  the  quotation  is  one  bj  Mr.  Kerr,  in  the 
horned  ^  Ote  Asioaatitm  <^  ETujineering  Sonetiet,  Vol.  XXVIII,  1902, 
page  90.  It  contains  a  very  interesting  aoconnt  of  the  varions 
attempts  to  mine  solphnr  in  thia  localitj. 

The  Scientific  ATjiericrm,  in  Vol.  73,  page  388,  and  again  in  Vol.  75, 
age  280.  states  that  the  refrigerating  plant  vras  installed,  bat  that 
H>ngelation  was  not  enooessfnl. 

Harlem  Speedteay. — The  Engineer,  of  London,  Jane  2eth,  1686,  page 
>5B,  states  that  Soojsmitfa  and  Company  are  attempting  to  freeee  a 
3ed  of  qnickaand  to  be  penetrated  by  the  excavation  for  a  retaining 
rail.  The  depth  of  the  esoavation  is  abont  40  ft.  A  row  of  i-in. 
npta  is  snnk,  the  pipes  being  8  ft.  apart.  Inside  the  4-in.  pipee, 
imaller  pipes  are  plaoed,  through  which  compressed  air  (the  freezing- 
nedinm)  is  conveyed  to  the  bottom  of  the  large  pipe.  No  other 
nformation,  to  indicate  the  suocesa  or  failure  of  the  project,  has  been 

OIIDd. 

L^  at  FanlineUe. — In  an  abatract  in  the  Minule*  (if  Proceeding*  of 
he  Institution  of  Civil  Engineers,  Vol.  CXXIV,  1896,  page  499,  the 
ktoption  of  the  Poetsch  process  for  the  repair  of  the  cylinder  pits  of 
Ite  oanal  lift  at  Fontinette  is  noted. 

The  Journal  of  the  Iron  and  Steel  Institute,  No.  1,  1897,  Vol.  LI, 
totee  that  the  process  was  applied  successfully. 

Sht^near  E^gelthooen,  Fratince  of  Limburg,  B^gium—Bnet  ab- 
itcaots  from  J)e  Ingenieur,  published  in  Rotterdam,  state  that  the 
'reemng  process  had  been  adopted  in  several  instances  for  sinking 
ihafts  in  the  vicinity  mentioned.  The  article,  apparently,  is  quite 
jomplete,  and  might  afford  considerable  information  if  translated. 
Ihe  date  of  the  article  is  1901. 

Shaft  cf  the  Aecot  Deep  Leads  Company  near  Ballarat,  Austraiin. — 
Ur.  F.  D.  Johnson*  states  that: 

"  Some  twenty  years  ago  the  diamond  drill  in  passing  through  the 
basalt  into  '  drift '  found  the  hydrostatic  pTcssure  sufficient  to  eject 

•  ITU!  ilining  Journal,  Oct.  X&th,  l«tt. 
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water  and  sand  above  its  derrick,  or  abont  150  ft.  This  pressiiFe  has 
been  considerablj  reduced  by  pumping  in  other  ahafte  miles  distant. 
The  ftboTe-Damed  Company  is,  for  the  first  time  in  Anstralia,  trjing 
to  get  through  a  not  very  thick  layer  of  drift  below  the  basalt  br 
employing  the  freezing  process  or  Poetsch  method.  At  the  date  of 
writing  there  seems  to  be  a  little  doubt  as  to  its  complete  succew, 
owing,  it  is  said,  to  the  great  pressure  of  water  still  present  there." 

Brustek  Railway.  —Mr.  A.  Oobert  •  states: 

' '  Very  many  sinkings  by  the  freezing  process  are  contemplated  in 
Belgium,  and  it  was  expected  that  the  soil  of  Brussels  would  be  frozen 
for  the  line  of  railway  between  the  Nord  and  Midi  Railway  Stations. 
The  Government  had  consulted  the  writer  and  he  had  given  them  a 
complete  report  upon  the  subject." 

Empelde,  Oermany.^Tke  CoiUery  Guardian  of  August  7th,  1908, 
page  -^14,  incidentally,  mentions  the  use  of  the  congelation  process  by 
the  Schulken,  Qruben  nnd  Hiittenvereiu  at  Empelde.  near  Hanover, 
in  1899.     No  particulars  have  been  found. 

Penngylvania  Railroad  Tumiel  Under  the  Hudeon  River. — From  time 
to  time  it  has  been  suggested  that  the  freezing  process  could  be  used 
to  advantage  in  conBtrncting  tunnels  under  the  Hudson  Biver. 
Since  the  Pennsylvania  Railroad  tunnels  have  been  projected,  plans 
worked  out  in  some  detail  have  been  published  in  the  technical 
papers. 

Shafts  Sunk  by  Gebhardt  atul  Koenig.  — In  the  advertisements  of  this 
firm  they  claim  to  have  completed  successfully  the  following  shafts; 

Two  shafta  for  the  Soci^tS  Anonyme  des  Charbonnages,  Willem 
Sophia,  in  Spekholzheide  (Limbnrg,  Holland). 

One  shaft  for  the  Yereinigunga  Gesellachaft  fiir  Stein  kohlenban,  in 
Wurmrevier,  zu  Kohlsoheid. 

One  shaft  for  the  Gewerkschaft  Brannkohlenbergwerk,  Oonaol 
Sophie,  near  Wolmirseben. 

One  shaft  near  Onsten  fur  die  Herzogl.  Anhalt  Begierung. 

Two  shafts,  6  m.  diameter,  for  the  Gonsol  Alkali  Works  at  West- 
eregelu. 

One  ahaft  for  the  Con.  Braunkohlen  Mine,  near  Atzeudorf. 

One  ahaft  in  Easen,  on  the  Ruhr. 

One  shaft,  147  m.  deep,  6.1  m.  diameter,  for  the  plant  Augnste 
Victoria,  at  Recklingshauaen. 

No  further  partionlara*are  available. 

North  or  England  Institute  of  Mining  and  mechanical  BngfoMn, 
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Aulhorities. — The  data  in  this  paper  have  been  gathered  from  the 
oUowiDg  publtcatioDs: 

AUgemeine  Bauzeitung. 

Annales  dei  Mines. 

Berg  vnd  ffuUennumititche  Zeitung. 

Balletia  de  la  BocUU  de  Vlnduttrie  Mtaerak. 

Colliery  Ouardian. 

Engineering  (London). 

Engineering  and  Mining  Journal. 

Engineering  Neua. 

aiuekauf. 

Iron  and  Coal  Trades  Bevieii. 

Jattmal  of  the  Association  of  Engineering  Societies. 

Journal  of  the  Iron  and  Steel  Institate. 

Jottmai  ot  the  yfesteia  Societjr  of  Engineers. 

Le  Genie  Civil. 

Mining  JoumaL 

Minutes  <f  Proceedings  at  the  Inetitntion  of  Civil  Engiaeere. 

Oesterreickische  Zeiltckriftfur  Berg  und  HuHenaiesen. 

Proceedings  of  the  Institution  of  Mechanical  Engineers. 

Proceedings  of  the  South  Wales  Institnte  of  Engineers. 

Railroad  Qazette. 

School  <^  Mines  Quarterly. 

ScietUiJlc  American  Supplement. 

The  Engineer  (London). 

The  Engintering  Record. 

Transactions  of  the  Federated  Institnte  of  Mining  Engineers. 

TyansaetioHS  of  the  Mining  Institute  of  Scotland. 

TVansadions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers. 
Zeilschrift  des  Vereines  Deutscher  Ingeiiievre. 

A  list  of  these  authorities,  with  details  as  to  year,  volume,  page, 
to.,  for  each  mine,  shaft,  or  other  work  described,  is  filed  in  the  Li< 
irary  of  the  Society,  where  it  may  be  examined  by  anyone  who  is 
atereeted  in  the  subject. 
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rthell.  E.  L.  Gobthell,  U.  Am.  Soc.  G.  £.— The  s] 
at  the  oataet,  that  he  is  not  expert  in  the  detail 
this  paper  could  have  been  dieonased  mnch 
3Iaitbj,  U,  Am.  Soc.  C.  E.,  Superintendent  of 
for  the  UiasiBBippi  River  Gommission;  orbj'Ft' 
M.  Am.  Sou.  G.  E.,  from  whom  it  inhopedadiec 
aa  he  has  been  a  Btrong  advocate  of  dredging  in 
of  the  Mississippi  Biver  Gommission,  who  hai 
to  the  subject  for  manj  jeata,  and  have  eroh 
nee  on  that  river. 

The  speaker  agrees  with  Mr.  Hering,  and  wi 
general  principles,  a  dredged  elope  in  the  di 
ffonid  be  better  than  a  slope  against  the  carre 
practicable,  and  how  far,  really,  in  practice,  it " 
of  preventing  deposit  in  the  cut,  is  somewhat 
tion  to  be  solved  bv  the  resnlts  of  actual  pra< 
given  by  the  author.  Evidently,  it  is  a  theory 
advanced  from  his  own  observations,  and,  as 
perience,  it  might  well  be  adopted. 

•  CoDIlDued  from  Deoember,  HWd.  Proctedingi.  Bee  O 
paper  oa  this  Bnbject  by  S.  Uaiinioff.  Absoc.  U.  Am.  Soc.  C 
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It  is  germuie  to  the  anbject  to  take  np  the  more  general  qnestion  Ur.  cortbeii. 
(  dredging,  not  in  the  wttj  of  a  diBcnseion  of  the  method  proposed  b; 
le  aathor,  bnt  as  developing  this  verj  important  method  of  improving 

The  snbject  ha«  an  important  history,  dating  back  to  1880  or  1881, 
ot  onlj  in  this  country,  bnt  in  Bnseia  and  other  oonntries,  and  old 
lethods  are  being  laid  aaide.  What  nas  considered  beat  twenty-five 
ears  i^o,  in  dredging  or  in  river  improvement,  has,  bj  long  experience, 
id  by  dealing  with  great  forces,  been  subjected  to  change.  During 
le  past  three  or  tour  years,  the  experience,  observation  and  interest 
r  the  speaker,  as  an  engineer,  have  been  largely  upon  these  subjects 
f  river  and  harbor  improvement,  which  be  has  been  obliged  to 
■ndj,  and  has  been  called  npon  to  give  his  opinions  to  a  foreign 
ovemment. 

Knowing  quite  well  what  has  been  going  on  in  Russia,  through  a 
oite  intimate  acquaintance  with  Professor  TimonofT,  who  was  one  ot 
le  originators  of  this  method  on  Russian  rivers,  the  speaker  has  ar- 
ved  at  some  oonclusious,  and  will  give  a  general  riiumi  of  the  history 
t  dredging,  because  it  is  a  very  important  snbject,  in  respect  to  the 
ivigation  of  great  rivers,  not  only  those  of  the  United  States  and 
■ussia,  bnt  those  of  other  oonntries. 

In  the  first  place,  in  reading  this  paper,  one  is  impressed  by  the 
imilarity  between  the  Volga  and  the  Mississippi.  They  are  of  about 
le  same  size;  the  navigable  length  is  about  the  same,  abont  16  000 
dies;  the  maximum  discharge  of  the  Volga  is  nearly  1  600  000  ou.  ft 
er  second,  which  is  about  the  same  as  that  of  the  Mississippi,  allhoagh 
liere  have  been  extraordinary  conditions  in  the  latter  when  the  dis- 
harge  has  been  greater;  the  rise  and  fall  of  the  water  in  places  is 
pproximatoly  the  same,  that  of  the  Mississippi  being  a  little  greater, 
erhaps;  and  also  the  conditions  of  the  bars  and  the  depth  over  them, 
Ithough  the  minimum  is  less  on  the  Volga.  The  general  features  of 
he  two  rivers  are  very  much  alike;  one  emptying  into  an  inland  eea, 
od  the  other  into  the  ocean — or  the  Gulf  of  Mexico.  Thus  the  lessons 
earned  on  the  Volga  can  be  applied  to  the  Mississippi  and  to  other 

Another  very  interesting  fact  relates  to  the  number  of  miles  ot 
avigable  water  in  Rnwia.  The  author  has  given  it  as  about  35  000 
liles.  Professor  TimonofT,  in  a  paper  a  few  years  ago,  stat«d  that 
here  were  100  000  km,  (62  000  miles)  of  navigable  waterways  in 
tnssia,  but,  no  doubt,  he  included  Siberia.  Thus,  comparing  the 
Jnited  States  and  Russia,  as  to  these  features,  there  is  more  or  less 
limilarity. 

In  reference  to  the  changes  which  have  taken  place  in  these  two 
loontries  dnring  the  last  twenty  years,  by  experience,  in  opinion  and 
n  methods,  it  examined  and  compared  carefully,  it  will  be  seen  that 
he;  have  kept  pace  with  one  another. 
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i^ortbaii.  An  examination  of  Table  No.  6  Bhows  that  the  appropriations  for 
permanent  works  have  been  decreasing,  particiiliirly  within  the  last 
three  or  four  yenTB,  since  very  large  dredges  have  been  pnt  in  oper- 
ation. This  table  also  shows  that  the  sums  expended  on  dredging 
have  been  increasing,  and  that  large  amounts  ate  still  required  to 
maintain  the  permanent  works,  or  old  works  oonstmcted  aome  jeara 
ago.  All  this  indicates  that  the  tendencj  is  toward  a  larger  amoimt 
•of  dredging,  as  the  author  has  stated. 

Three  or  four  jears  ago  the  speaker  went  to  Argentine  to  advise 
the  Government  as  to  river  regulation,  and  then  had  found  it  necee- 
sarj  to  study  what  had  been  done  on  the  Mississippi,  in  reference  U> 
dredging,  as  he  had  never  studied  it  before.  Taking  the  reports  of 
the  Mississippi  River  Commission,  from  1881  to  1900,  he  had  examined 
them  carefully;  taking  up,  first,  the  engineering  work;  secondly,  the 
oonstmetive  work;  and  thirdly,  the  results  of  experience  and  tlie 
change  of  opinion.  These  were  the  headings  nuder  which  the  investi- 
gation had  been  made.  Probably  two  or  three  months  of  stndy  were 
spent  in  getting  at  the  results  of  the  experience  on  the  Mississippi, 
and,  in  glancing  over  the  many  pages  of  that  investigation  and  the 
notes  taken,  one  can  see  the  changes  of  opinion,  due  to  experience, 
taking  place,  just  as  thej  have  been  taking  place  in  Russia.  If  one 
should  examine  the  reports  of  the  Commission  for  the  last  three  or 
four  years  he  would  see  that  it  is  coming  to  the  principle,  enuD- 
ciated  several  years  ago  by  French  engineers,  and,  following  tbem, 
by  Professor  Timonoff,  which  is.  to  improve  these  great  rivere  by 
"dredging  and  the  attraction  of  the  waters";  that  is,  to  open  chan- 
nels in  the  direction  in  which  the  waters  wiU  flow  most  easily,  ood 
in  that  way  draw  the  water  at  low  river  through  these  artificial  ohu- 
nels  for  the  improvement  of  navigation,  and  with  the  hope  and  ex- 
pectation that  they  will  continue  in  that  direction,  approximately, 
during  the  high-water  season,  and  thus,  eventually,  make  permanent 
channels,  without  any  great  expenditure  on  permanent  works. 

In  the  speaker's  opinion,  the  subject  is  of  great  intportance,  be- 
cause, from  its  development,  lessons  con  be  drawn  from  the  work 
being  done  in  other  countries. 

The  following  quotation  is  from  a  paper  by  Professor  TimonofTto 
the  Vlllth  International  Congress  of  Navigation,  held  at  Paris  in 
1900,  in  which  is  laid  down  the  law  governing  the  case.  A  foot-noh 
in  that  paper  refers  to  a  paper,  presented  to  the  Maritime  Congress  ot 
1889,  by  M.  Posqueau,  Chief  Engineer,  Ponts  et  Chanas^ea,  on  the 
"Port  of  Bordeaux  and  its  Chanaele": 

"Quite  a  wrong  generalization  of  the  law  of  hydraulics  is  theretote 
made  in  arguing  on  these  rivers  (the  Qaronne  and  similar  rivers),  u  ii 
they  nere  mere  ditches  with  trapezoidal  section,  of  which  one  bank 
can  infinence  the  opposite  bank.  These  rivers  are  ao  vet?  wide  and 
shallow  that  the  action  of  the  bonks,  in  fixing  the  navigable  channel, 
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ma;  be  considered  oa  of  no  importance.   The  navigable  channel  makes  K 
ita  waj  along  this  expanse  of  water  witbont  being  much  inflnenced  by 
the  banks,  obeying  another  law,  quite  as  general,  but  which  is  otten 
lost  sight  of.    I  call  this  law,  the  Ian  of  the  attraction  of  waters,  and  I 
explain  it  as  follows: 

"Let  US  enppose  a  sheet  of  water,  very  wide,  with  rectilinear  or 
other  banks.  If  there  exists,  in  Section  ab,s,  ditch  on  the  right  bank, 
more  water  will  pass  in  a  b,  along  the  right  bank,  than  along  the  left 
bank.  If  a  natural  or  artificial  channel,  i  /r,  exists  fnrtber  along  on 
the  left  bank,  more  water  will  pass  on  the  left  than  on  the  right. 
Therefore  the  channel,  i  k,  will  determine,  in  the  direction,  b  i,  an 
oblique  current  which  will  carry  a  part  of  the  waters  from  the  right 
bank  on  to  the  left  bank. 

"  I  state  this  fact  in  saying  that  the  channel,  i  k,  will  attract  the 
waters  to  the  left  bank,  and  that  the  waters,  once  thrown  onto  this  bank, 
will  remain  there,  whatever  be  the  form  of  the  bank,  aa  long  as  they 
will  not  be  attracted  or  drawn  in  another  direction  by  a  natnral  or 
artificial  channel  established  on  the  other  side.  Iconolnde  from  that, 
that  in  those  rivers  permanent  results  can  be  obtained  by  dredging  di- 
rected intelligently.  The  effect  of  this  dredging  is,  not  only  to  take 
away  a  deposit  snsoeptible  of  reforming  again,  bnt  really  to  prodnoe  a 
permanent  modification  of  the  bed  itselF." 

Professor  Timonoff  proceeded  then  aa  follows,  in  the  toot  note: 

"  Regarding  this  same  law,  we  find  in  the  disciueions  which  fol- 
lowed Mr.  Pasqneau's  report,  the  following  discussion  of  the  paper 
by  Mr.  Vanthier,  General  Engineer: 

"  '  What  precedes  brings  us  to  Mr.  Past^nean's  second  question, 
and  I  agree  with  him  aa  to  the  efficiency  which,  in  nnmerons  cases,  a 
pie-existing  navigable  channel  may  have  in  assuring  a  good  regime. 

"  'It  is  certain  that  by  iongitndinal  excavations,  carried  ont  intel- 
ligently, the  currents  may  not  only  be  attracted  into  a  definite  region 
of  the  bed,  bat  be  maintained  there;  and  I  am  prepared  to  acknowl- 
edge that,  as  regards  dredging  in  river  beds,  too  much  stress  has  been 
laid  on  this  objection,  regarded  as  irrefutable,  that  the  natural  action 
which  had  previonsl;?  modeled  the  bed,  would  succeed,  sooner  or  later, 
in  re-esta bushing  tlungs  in  their  former  state.  First,  it  is  not  true  of 
the  case  in  which  the  dredge  makes  matter  disappear  which  was  not 
natnrally  nnderminable;  and  it  is  also  often  false,  as  a  general  mle, 
because  the  new  conditions  created  may,  co-relativelj,  determine  np- 
and  down-  stream  ohanges,  suitable  for  aseuring  the  maintenance  of 
dispc«itionfl  artificially  realized.' 

"  In  1894  another  French  engineer,  Mr.  Gerardin,  at  the  Congress 
of  Navigation  at  the  Hague,  brought  up  the  same  subject  and  dealt 
with  it  in  very  nearly  the  same  way,  and  he  was  one  of  the  earliest 
who  had  bronght  forward  this  general  method,  of  dredging,  instead  of 
building  permanent  works. 

"The  Mississippi  Commission,  in  their  report  in  1898,  used  the 
following  language  in  closing  one  of  the  paragraphs  on  this  subject: 
'  Those  principles,  which  seem  to  be  most  applicable  to  our  tem- 
porary works,  as  well  as  to  permanent  low-water  improvements,  are 
well  stated  by  Mr.  Gerardin,  Engineer  of  the  Ponts  et  Chanss^es,  in 
a  paper  on  the  training  of  rivers  at  low  water,  read  at  the  Sixth  Inland 
Navigation  Congress,  held  at  the  Hague  in  1894.'  " 

From  these  extracts  it  can  be  seen  that  the  subject  has  been  dis- 
cnssed  for  some  time  by  very  prominent  engineers,  so  that  it  may  be  con- 
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r.  cartbeil,  eluded  at  the  present  time  that  it  ia  not  amatter  for  further  discussion. 
It  is  a  method  which  experienoe  has  tangbt  is  the  best  for  improving 
the  navigation  of  rivers  like  the  Mississippi,  the  Volga,  the  ParanJt, 
the  Bio  de  la  Plata  and  others  of  that  nature. 

In  1898,  Professor  Timonoff,  in  an  important  paper,*  wrote: 

"  Bj  what  means  can  we  improve  the  navigable  conditions  of  gt^t 
rivers  snch  as  the  Dnieper,  the  Volga,  the  Lower  Danube,  the  Missis- 
sippi and  others  ?  Can  we  not  find  a  method  more  aare  and  tesa  costlv 
than  the  methods  of  improvement  as  the;  are  applied  to-da^  ?  The 
anthor  has  songfat  to  solve  this  problem,  and  a  long  analysis  of  the 
works  of  improvement  executed  in  France,  in  the  United  States,  in 
Germany  and  BuHsia  and  other  countries,  has  led  him  to  formulate  and 
to  propose  a  method  which  he  oolls  'Regulation  or  Improvement  b^ 
Dredging  and  the  Attraction  of  the  Waters  ';  a  method  taught  partica- 
larlj  bj  the  theoretical  researches  of  the  French  scientists  and  the 
experiments  in  dredging  b;  American  engineers." 

And  then  he  states,  further: 

"And  this  is  what  it  consists  of,  viz.;  The  waters  are  not  to  be 
directed  bj  force  over  the  bars  which  are  to  be  improved;  on  the  con- 
trary, we  are  to  preserve  those  bars  from  the  danger  of  being  too  deeply 
cut,  as  they  are  often,  bj  permanent  works.  And  the  secondsrv 
channels  are  not  to  be  closed,  at  first,  at  least,  and  not  until,  by  means 
of  dredging,  the  proper  location  of  the  channel  has  been  determined. 
We  commence,  after  a  very  careful  study  of  the  local  conditions  of 
each  of  the  bars,  a  strong  mechanical  dredging  in  the  direction  of  the 
channel  considered  the  most  suitable  and  the  most  convenient.  The 
width  of  the  cut  is  rednced  to  the  minimum.  The  depth,  on  the  con- 
trail, should  be  made  as  great  as  possible,  and  the  mechanical 
dredging  itself  is  a  means  of  improvement,  or  regulation,  independent 
of  its  importance,  and  so  mnch  the  more  capable  of  making  im- 
mediately a  depth  necessary  for  the  navigation.  And,  finally,  the  cat 
made  across  a  bar  modifies  the  conditions  of  the  movements  of  the 
waters,  and  here  the  law  of  the  attraction  of  the  waters  applies." 

The  foregoing  quotatiou  is  given  to  show  how  the  subject  has 
grown  and  has  been  moved  on  in  this  direction  by  the  French  and 
Russian  engineers. 

Last  year,  the  speaker  was  requested,  bj  the  Minister  of  Pnblic 
Works  of  Argentine,  to  make  a  special  examination,  during  the  past 
winter,  of  the  results  of  works  on  the  Mississippi,  and  the  methods 
pursued  there;  and,  also,  to  leam  the  opinions  of  the  engineers  and 
make  a  report  on  the  subject.  He  has  done  so;  and,  without  going 
into  all  the  reasons  or  the  facts  which  had  led  him  to  his  oonolnsionB 
at  that  time,  he  would  quote  the  closing  pari^raph  of  that  report. 
This  had  been  made  after  an  examination  of  the  improvements  and  the 
dredge  boats  on  the  Mississippi,  and  talking  with  the  Superintendent 
of  Dredging,  Mr.  Maltby,  of  Memphis,  where  the  dredging  fleet  w«s 
laid  up  in  winter  quarters.     It  was  as  follows: 

"  Generally,  it  may  be  remarked  as  a  conclusion,  with  respect  to 
the  whole  subject  of  operations  on  the  Lower  Mississippi,  after  many 

*AnjuileMda  PonUel  Chatittiet, 
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years'  experience,  and  the  expenditure  of  probablj  $40  000  000,  on  a  Hj-.  Cortbeli. 
river  like  this,  tb«  best  practical  plan  ia  to  dredge  tlie  otaanneb  at 
lov  water,  and  do  only  sncb  conetrnction  work  aa  ia  necesDary  at 
important  points  to  prevent  the  river  from  making  radical  changes, 
and  not  to  attempt  to  coaflae  the  channel  by  contracting  ivorka,  ao 
the  interest  on  the  money  so  expended  will  more  than  do  all  of  the 
dredging  work  required  to  make  and  maintain  the  channels  dnring 
the  navigation  season  of  low  tvater.  In  other  words,  the  principle, 
enunciated  by  Professor  Timonoff,  of  'attracting  the  waters'  is  the 
true  principle  of  improving  such  rivers  as  the  UiBsieaippi  and  the 

The  report  proceeds  as  follows : 

"  The  latter  river  (the  Parana)  ia  a  much  more  favorable  one,  in 
respect  to  its  conditions,  than  the  Mississippi,  for  the  reason  that  it 
carries  only  about  one-tenth  of  the  sediment  carried  by  the  Missis- 
sippi. The  cbannels,  once  made  in  the  line  of  the  strongest  currents, 
will  not  only  maintain  themselves  for,  probably,  several  years,  but 
will  be  enlarged  by  thus  directing  the  current  through  them.  Even 
on  tbe  MisBisaippi,  where  immense  quantities  of  sediment  are  brought 
down  in  the  annual  floods  of  the  river,  the  channels  are  found  to  be 
much  better  maintained  than  woe  expected  of  them.  In  fact,  moet  of 
them,  when  properly  laid  out  to  receive  the  current  in  good  line,  have 
largely  maintained  themselves,  so  that  the  dredge  work  is  really 
becoming  less  and  less;  bo  that  we  may  Bay  that  experience  here  and 
on  the  great  rivers  of  Russia  has  demonstrated  the  fact  that  in 
making  and  maintaining  river  channels,  the  dredge  work  should  pre- 
dominate, although  there  are  many  oases  on  all  these  rivers  where 
guiding  and  controlling  dikes  and  protection  of  banks  may  be  found 
useful  aud  often  necessary." 

On  the  Argentine  rivers,  particularly  at  the  head  of  the  Rio  de  la 
Plata,  there  are  found  practical  illustrations  of  what  will  rosnlt  from 
dredging.  The  dredging,  however,  was  not  done  by  a  dredge,  bat, 
after  very  careful  examination  of  the  bottom  and  of  the  direction  and 
velocity  of  tbe  currents,  the  steamers  had  been  sent  through  a  certain 
channel,  marked  by  luminous  buoys,  so  that  by  day  and  by  night 
they  had  passed  over  tbe  same  ground  exactly,  aud  thus  the  depth 
over  a  difficult  bar  had  been  increased  from  14|  to  19  ft.  within  two  . 
years. 

This  very  satisfactory  result  and  the  results  in  other  countries  led 
the  Argentine  Government  to  adopt  the  same  method  on  probably  one 
of  the  most  troublesome  bars  to  be  found  anywhere  for  ocean  naviga- 
tion, the  Pnuto  Indio  Bar  in  tbe  Lower  Bio  de  la  Plata,  which  is  24 
tnilea  wide,  on  which  there  were  only  19  to  20  ft.  of  water,  and  where 
the  river  was  35  to  40  milea  wide.  The  plan  now  being  carried  out, 
after  examining  all  the  conditions  carefully,  ascertaining  the  velocities 
and  directions  of  the  currents,  and  examining  the  material  in  tbe  bed 
of  the  river,  ia  to  buoy,  by  light-boats  and  luminous  buoys,  a  channel 
over  the  entire  bar.  The  buoys  and  light-boats  can  be  seen  from  one 
another.  It  is  the  expectation,  and  the  speaker  believes  it  to  be  well 
grounded,  that  within,  say,  three  or  four  years  after  this  route  of 
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Mr,  Corthdi.  navigation  has  been  need  by  deep-draft  steamers,  there  vill  be  a  verj 
considerable  increase  in  the  depth  of  water. 

There  are  many  rivetB  in  the  world  where  it  is  impossible  to  bnild 
oonstmctive  works,  and  the  Bio  de  la  Plata  is  one  of  them.  When  the 
speaker  went  to  Argentine  he  believed  that  the  principles  which  had 
been  applied  and  the  methods  which  had  been  used  on  the  UiasisBippi, 
that  is,  gnidiag  works,  dikes,  dams,  etc.,  might  be  nsed  on  the 
Parana  and  the  Bio  de  la  Plata,  bnt  when  he  stood  in  the  presence  of 
a  river  30  to  40  miles  wide  be  made  up  hie  mind  that  there  mnst  be  a 
method  better  than  each  a  costly  one  for  a  government  which  bad 
very  small  means  for  carrying  on  costly  works;  and  it  was  with  th*t 
before  bim,  and  with  the  request  made  to  give  an  opinion  and  make 
plans,  that  be  had  made  such  a  very  carefnl  stndy  of  the  work  on  the 
MisBissippi  and  in  Russia,  and  be  bad  become  satisfied,  from  that 
stud;  and  from  some  practical  experience  in  snch  work,  that  tbe  most 
feasible  plan  for  navigation,  and  tor  the  eiohequer  of  the  govemntent, 
was  to  carry  ont  the  principle  of  "  dredging  and  the  attraction  of  the 
waters,"  enunciated  by  Professor  Timonoff. 

On  the  Volga  there  is  one  powerful  hydraulic  dredge,  designed  by 
Mr.  Lindon  W.  Bates,  an  American  engineer,  and  the  cost  of  tbe  work 
done  by  it,  compared  with  the  cost  of  work  done  by  other  dredges,  ia 
given  in  an  official  report,  by  the  Engineer  of  the  Bnssian  tiovem- 
ment,  for  1901  and  1902.  In  1901  the  cost,  including  all  expensee — 
probably,  however,  not  including  depreciation  and  interest— ws«  6 
cents  per  cubic  yard,  on  a  very  large  quantity  of  work,  whereas  the 
cost  by  the  ordinary  pump  dredge  on  the  Volga  had  been  about  10 
cents.  The  report  states  that  the  total  quantity  taken  out  by  tbe 
Bates  dredge  in  1902  was  2  982  598  en.  yds.  at  a  cost  of  3.6  cents  per 
cubic  yard, 

r.  Robinson.  A.  W.  R0BIN6ON,  M.  Am.  Soc.  C.  E.— Mr.  MasimoB'a  paper  is  a 
very  useful  addition  to  the  lecoids  of  the  Society  on  account  of  tbe 
data  it  contains  relating  to  the  navigation  intereste  of,  and  the  means 
used  to  improve,  the  rivers  of  Bussia.  The  nature  of  these  rivers 
and  the  conditions  of  navigation  upon  them  Are  not  unlike  those  pre- 
vailing in  this  country,  and  Mr.  Cortbell  baa  drawn  attention  to  the 
great  similarity  between  tbe  Volga  and  the  Mississippi.  Each  river 
drains  a  vast  extent  of  interior  country  and  is  subject  to  a  spring  rise 
of  from  20  to  40  ft.,  or  more;  and  each  carries  a  large  qnanti^  of 
alluvial  matter  which  forms  bars  obstructing  the  channel  at  low 
water.  Each,  also,  is  ice-bound  in  its  northern  part  during  the  winter, 
and  the  low-water  navigation  depth  in  each  is  similar.  The  method 
of  improving  tbe  Volga,  as  described  by  the  author,  is  different  from 
that  used  on  the  MissisBippi.  On  the  Volga,  the  author  states  that 
the  dredgesare  of  the  elevator  type,  from  which  the  material  is  pnmped 
away  a  ehort  distance.  In  dredges  of  this  type,  one  set  of  machinery 
excavates  and  lifts  the  material  and  a  separate  set  of  machinery  dis. 
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OSes  of  it.  In  view  ot  the  double  duty  thae  performed  hy  these  H 
redges,  the  qaantitj  of  work  done  and  the  ooat,  as  given  in  the  paper, 
:e  most  creditable,  and  lead  one  to  think  that,  if  powerfnl  hydnulio 
redges  of  saitable  design  were  adopted,  which  conld  perform  the 
inble  oparatioQ  ot  excavating  and  disposing  of  the  material,  still 
jtter  results  coald  be  obtained. 

The  antlior  states  that  the  average  cost  per  cubic  yard  of  material 
:cavated  and  carried  airay  was  9.81  cents,  while  for  single  dredges  it 
'eraged  from  2.70  to  48.40  ceuts.  The  cost  of  dredging  on  the  St. 
iwrence  River,  where  the  speaker  has  been  doing  some  work  lately, 
less  than  that.  In  the  report  of  the  Chief  Engineer  of  the  Depart- 
ent  of  Public  Works  ot  Canada  for  the  fiscal  year  ending  June  30th, 
102,  the  cost  ot  dredging  on  the  ship  channel  of  the  St.  Lawrence, 
itween  Montreal  aud  Quebec,  is  given  in  detail  for  the  various  looali- 
9S,  as  executed  by  the  variona  dredges.  On  account  of  the  wide 
versity  of  material,  this  ooet  varies  from  1.75  to  36.69  cents  per  cubic 
ird,  the  average  of  the  whole  being  4.53  cents.  This  is  tor  operating 
Lpenses,  including  ordinary  repairs,  but  not  interest  or  depreciation. 
he  dredges  by  which  this  work  was  done  are  of  the  elevator  type  and 
LC  hydraulic  type,  but  not  both  combined. 

With  regard  to  the  arguments  adduced  by  the  author  in  favor  of 
s  proposed  method  of  cutting  a  sloping  channel,  they  seem  to  be 
asonable.     There  is  no  doubt  about  the  scouring  action  of  the  water 

a  dredged  cut  This  is  due  to  the  more  rapid  current.  Experience 
I  the  MiBsissippi  and  on  the  St.  Lawrence  shows  that  the  ourrent 
ill  flow  more  rapidly  through  the  iooreased  section  of  a  dredged  cut 
lan  over  the  shallower  portions  of  the  river.  The  speaker  thinks 
lat  the  moat  that  can  be  said  for  the  scouring  out  of  the  dredged 
irts,  in  aa  alluTial  river  subject  to  wide  changes  in  all  its  conditions, 
that  the  soonring  action  delays  the  filling-np  process,  but  does  not 
reventit.  There  are  exceptions  to  this  rule,  as  scouring  action  is 
metimes  found  to  increase  the  depth  for  a  time.  The  rules  govem- 
g  sand  bars  are  like  the  rules  for  the  pronunciation  of  the  English 
nguage — there  is  no  rile  without  an  exception. 

Like  Hr.  Corthell.  the  speaker  is  an  advocate  of  drudging  the 
lanuels  of  alluvial  rivers  in  such  a  way  that  the  scouring  action  of 
le  water  will  aid  the  artificial  forces.  Sconring  action  alone,  by 
cans  of  training  works,  has  not  yet  been  found  sufficient,  and,  in 
le  majority  of  oaees  where  dredging  has  been  resorted  to,  it  bos  ac- 
implished  the  desired  result.  Contrary  to  the  general  impression,  a 
redged  channel  through  a  sand  bar  is  not  soon  obhterated,  but  may 
dst  for  a  considerable  time  and  survive  a  flood  season  with  only 
linor  changes. 

As  to  the  epeoial  method  of  dredging  which  the  author  proposes, 
le  speaker  is  unable  to  agree  with  him,  or  with  the  opinion  expressed 
J  Mr.  Hering,  that  the  slope  of  the  bottom  will  aid  the  movement  of 
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r,  RoblDsoQ.  the  sand.  The  speaker  does  not  think  that  a  slope  of  about  i  ft.  in 
1  000  ft.  is  enongh  to  prodnce  any  perceptible  effect.  The  movement 
of  the  sand  along  the  bottom  is  not  dne  to  snoli  an  inclination,  because 
it  is  too  slight.  It  is  dae  to  the  movement  of  the  water,  and  ia  not 
like  rolling  down  hiU.  In  fact,  if  the  section  of  the  cut  tfatis  pro- 
daoed  is  greater  at  the  lower  end  one  would  think  it  woTild  make  the 
velocitj  less,  and,  consequently,  the  Bcouring  of  the  sand  would  be 
less  at  the  lower  than  at  the  upper  end.  There  certainly  will  be  an 
increased  velocity  in  the  dredged  cut,  as  compared  with  the  remainder 
of  the  section  of  the  river,  as  has  been  already  noted. 

The  author  states  that  he  finds  the  power  on  the  centrifagal  pnmpB 
to  be  insufficient.  In  the  outline  drawing  of  the  dredge  (Plate  LVII*), 
the  engines  for  driving  the  buckets  of  the  elevator  part  and  those  for 
driving  the  centrifugal  pump  are  both  shown  as  being  the  same,  and, 
presumably,  are  engines  of  the  same  size.  The  speaker's  experience 
leads  him  to  believe  that  the  power  for  driving  the  centrifugal  pnmp 
on  a  dredge  of  this  type  should  be  two  or  three  times  that  required  to 
drive  the  elevator  chains  and  buckets- 
It  is  interesting  to  observe  the  type  of  river  steamers  illustrated  in 
the  paper,  and  compare  the  practice  with  that  on  the  Mississippi. 
The  practice  on  Bnssian  rivers  ia  to  separate  entirely  the  passengers 
and  freight,  whereas,  on  the  Mississippi,  most  steamers  carry  both 
passengers  and  freight.  The  trim  little  passenger  vessel  illustrated 
on  Plate  LIIl*  does  not  appear  to  have  any  self-contained  gangwavs, 
for  approaching  a  bank  at  any  point,  which  are  such  a  conspicuous 
featui«  of  the  Mississippi  boats. 

It  is  to  be  hoped  that  Mr.  Maximoff  will  try  his  eiperiment  and 
then  give  the  Society  the  result. 
r.  LeCont«.  L.J.  Le  GoNTE,  M.  Am.  Soc.  G.  E.  (by  letter).— The  tabular  state- 
ments submitted  by  the  author  show  conclusively  the  wonderful 
growth  of  inland  navigation  in  Russia  in  the  past  decade,  more  par- 
ticularly on  the  Volga,  the  principal  river  in  Russia. 

The  author  gives  the  detailed  drawings  of  the  typical  dredge  now 
used  on  the  Volga,  which  proves  to  be  a  combination  machine,  an 
endless-chain  bucket  dredge  with  hydraulic  attachments  instead  of 
scows  for  disposing  of  the  spoil.  Machines  of  this  type  have  done 
very  good  service  in  past  years,  but  were  discarded  some  time  ago  for 
those  of  a  better  type,  which  are  now  in  general  use.  Those  of  the 
new  type  have  greater  capacity  for  work,  in  a  given  time,  with  lower 
operating  expenses,  and,  at  the  same  time,  with  much  lower  expenses 
for  repairs,  bq  that  the  unit  cost  of  doing  work  is  very  much  reduced. 
The  writer  refers  to  hydraulic  dredges  of  the  latest  type,  fully 
equipped  with  suitable  cutting  apparatus  adapted  to  encounter 
material  of  all  classes. 


*  Proeeedingi.  Jim.  60c.  C.  E.,  (or  October,  1908. 
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Id  Table  No.  8.  the  dredges  named  Volgian  7  and  Volgian  8  ate  Mr,  LeCon 
hydraulic  dredges  with  capacitiea  of  1  500  en.  m.  per  honr.     These, 
no  donbt,  are  of  the  type  the  writer  refer*  to,  and  it  is  natnral  to 
suppose  that  each  ie  provided  with  &  fall  set  of  oattere  to  enable  it  to 
cope  with  material  of  different  olassea. 

It  should  be  mentioned  that  maohinee  of  this  class  are  sometimes 
limited  in  their  nsefnluess,  beoatise  of  the  fact  that  it  is  abeolntely 
Deceesarj  to  hare  a  saitable  dumping  ground  upon  which  to  place 
the  material  eicaTsted.  In  all  river  work,  however,  this  dninping 
ground  feature  is  generally  available,  so  that  this  requirement  is 
always  fultilled. 

liie  writer  was  surprised  not  a  little  to  note  the  high  cost  of 
dredging  on  the  Volga,  and,  as  no  mention  of  the  character  of  the 
material  was  made,  the  inference  is  that  it  was  coarse  and  heavy. 
This  view  was  not  apheld,  however,  by  noting  the  flat  elopes  per 
mile,  viz.:  2.8,  8.4  and  2.0  ins.,  respectively,  and  this  precludes  the 
possibility  of  much  heavy  material. 

The  average  cost,  8.6  cents  per  cubic  meter,  together  with  the 
average  oontraot-honr  capacity,  337  en.  m.,  do  not  apeak  very  well 
for  the  efficiency  of  the  dredging  fleet  now  in  use,  but  leave  much 
room  for  improvement.  At  8.5  cenis  per  cnbio  meter,  337  cu.  m. 
would  cost  $26.66  per  contract-hour,  which  seems  to  be  excessive  for 
a  grand  average.  With  machines  of  the  latest  type  much  better 
results  are  easily  obtained.  A  I  200-H.-P.  dredge,  complete,  in  every 
respect,  and  r^dy  for  active  service,  costs  not  more  than  Sl&O  000, 
and  it  can  generally  be  depended  upon  to  do  the  work  mentioned  in 
Table  No.  9,  in  material  of  different  classes,  at  the  stated  unit  prices. 

TABLE  No.  9. 


CbwacH-rotinaterUl. 

&uglne.haure 

excsvaled 
per  month. 

yards. 

Id  cents. 

Ven  bard   sandy  clay  and 

COO 
SOO 

i 

mooo 

6  700 

eaoD 

SMO 

4500 
42G0 

25  000 

Sffi 

4O00O 

100000 
aw  000 

'o 

Table  No.  9  is  submitted  with  the  distinct  understanding  that  it  is 
only  intended  to  give  general  results;  therefore,  it  is  to  be  used  with 
a  great  deal  of  discretion.     Of  course,  in  ordinary  every-day  practice, 
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Hr.  LeConip.  tfaeee  different  cloBsee  of  materials  are  nearly  always  intermixed,  more 
or  less,  which  fact  greatly  facilitates  dredging  operations.  For 
example,  sand  largely  mixed  or  interstratifled  with  clay  or  mud  can 
easily  be  dredged  for  3  to  4  cents  per  cnbic  yard.  These  conditioDS 
prevail  on  river  bars  nearly  everywhere,  a  fact  too  often  overlooked. 
On  the  other  hand,  while  clean  sand  works  very  well  with  a  moderately 
short  pipe  line,  yet  the  difficulties  multiply  enormously  when  it  has 
to  be  forced  through  a  long  pipe  line.  This  is  due  to  the  fact  that  tbe 
sand  separates  from  the  column  of  water  and  runs  along  the  bottom 
of  the  pipe  with  an  entirely  independent  Sow  of  its  own.  The  water 
and  sand,  in  their  passage  through  the  pipe  line,  refuse  to  mix. 
Increasing  the  speed  of  the  pnmp,  by  which  the  mean  velocity  of  die- 
charge  is  increased,  seems  to  have  little  or  no  effect  in  remedying  the 
trouble,  fioth  the  foregoing  facts  aSbct  tbe  unit  prices  given  in  Table 
No.  9  quite  materially,  so  that  in  each  case  all  the  existing  facts  and 
conditions  niust  be  known  before  any  oomparieons  can  be  drawn. 

The  writer  waa  mneh  impressed  by  the  author's  proposed  scheme 
for  dredging  channels  through  river  bars.  The  general  costom  in 
America  has  been  to  make  tbe  cut  uniform  in  width  and  depth,  and 
locate  it  where  the  axis  of  the  current  seems  to  settle  for  tbe  season. 
The  writer  thinks  that  there  is  much  in  the  suggestion  advanced  by 
the  author.    Everything  seems  to  point  that  way. 
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By  Hessn.  Thouas  D.  Pitts.  William  T.  IiYlr  and 
D.  E.  Hdohbs. 


Thomas  D.  Pitts,  Absoc.  M,  Am.  8oc.  C.  E.  (by  letter).— Tte  writer  Mr.  Piits. 
^aws  attention  to  the  following  points: 

In  the  flnt  pUce,  the  capping  stonea  of  the  atone  breakwater  appear 
to  be  qnite  regularly  rectangolar  in  form  and  of  abont  6  to  7  tons  weight ; 
and  they  are  laid  on  the  mbbJe  monnd  without  other  bond  than. that 
given  by  the  friction  of  one  block  against  another.  Records  of  ex- 
perience abroad  show  that  when  a  atone  in  anch  a  pavement  is  removed 
from  its  place  the  whole  pavement  goes  to  pieces  very  rapidly.  It 
seems  to  the  writer  that  a  comparatively  email  movement  of  either 
harbor-  or  lake-  aide  angle  stones  might  so  disarrange  the  capping 
stones  immediately  above  that  they  would  be  torn  out  by  the  waves, 
with  the  result  that  a  large  section  of  the  pavement  would  be  stripped 
from  the  core;  and  he  would  be  much  interested  to  know  whether  any 
indications  of  such  a  future  mishap  have  been  discovered.  He  would 
also  like  to  know  it  it  has  been  observed  that  the  ice  formation  in 
winter  has  hod  any  tendency  to  lift  the  capping  stones  from  their 

In  the  second  place,  the  sections  of  the  breakwater  (Fig.  22)  show- 
ing the  original  section  as  designed  and   the  section  alter  settlement 

•ThiBiliacuaBlon  lof  the  paper  by  EmIlB  Low.  M.  Am.  Soc.  C.  E..  punted  la  Pro- 
ccdintritor  November.  IMS),  Is  printed  tn  Prnceedingi  iaordsTtiMtthe  T]Bwa  eipreesed 
maj  be  Ivongbt  before  kII  members  of  the  Society  for  (uriher  dtecuaiilnD. 

CommuDlcatlODB  on  this  subject  received  prior  to  I'ebnury  ZTth,  1004,  will  be 
publlibed  subaequentJy. 
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Mr.  Pitta,  of  the  portion  which  failed,  have  almost  exaatly  the  same  ares  above 
the  lake  bottom.  Tbie,  to  the  writer's  mind,  indicates,  not  that  the 
rear  portion  of  the  breakwater  settled  bodilf  into  the  soft  clay  bottom, 
bnt  that  it  slid  toward  the  harbor  side,  removing  the  support  of  the 
center  section,  which,  of  coarse,  then  settled  down.  The  sliding  was 
probablv  started  by  some  slight  settlement  of  the  breakwater  into 
the  clay,  bnt,  from  the  drawings,  it  seema  to  the  writer  that  it  was 
probably  more  largely  dne  to  an  insnfScient  monnd  or  retaining  wall 
of  mbble  at  the  toe  of  the  rear  slope,  to  too  steep  a  ulopie  of  the  har- 
bor side  of  the  breakwater,  and  to  the  use  of  gravel  in  the  heartily. 
It  seems  likely  that  the  latter  was  a  very  important  factor  in  the  set- 
tlement, becanae  gravel,  on  account  of  its  form,  does  not  pack  as 
solidly  as  rip-rap  or  rabble,  especially  when  washed  free  from  a  por- 
tion of  its  matrix,  as  must  have  been  the  case  with  thb  gravel,  dredged 
from  the  bed  of  the  Niagara  Biver.  With  regard  to  the  portion  of  the 
breakwater  first  bnilt,  in  which  no  settlement  has  taken  place,  its 
stability  seems  to  be  accounted  for  sufficiently  by  the  more  solid  fonn- 
dation  which  has  prevented  the  initial  settlement  under  wave  action, 
which  settlement  would  start  the  sliding;  and  it  may  be.  too  (it  does 
not  appear  from  the  paper),  that,  under  the  part  of  the  breakwater 
which  sank,  the  top  layer  of  clay  is  softer,  and  the  coefficient  of  fric- 
tion therefore  mnch  less  than  under  the  older  part  which  has  remained 
intact. 

Mr.  Lyie.  'Wiijjam  T,  Lxle,  Assoc.  M.  Am.  Soc  C.  E.  (by  letter).— The  his- 
tory of  Bnffalo  Harbor  is  incomplete  without  some  description  of  the 
celebrated  Black  Bock  controversy.  The  writer  is  in  potteeesion  of 
letters,  written  by  DeWitt  Clinton,  Myron  Holiey,  David  Thomas  and 
Benjamin  Wright,  relative  to  this  dispute;  and  these,  supplemented  by 
the  reports  of  the  Canal  Commission  and  other  official  pnblicatiooB, 
throw  considerable  light  on  the  subject  in  question. 

Along  with  the  construction  of  the  Erie  Canal  came  a  pressing  need 
for  a  eaitable  port  at  the  eaetem  end  of  Lake  Erie.  The  choice  of  the 
terminus  of  the  canal  lay  between  two  places;  one,  Bnffalo,  and  the 
other.  Black  Bock.  These  places  were  about  H  miles  apart.  There 
were  five  principal  projects  advanced.  The  three  of  least  import- 
ance will  be  mentioned  first.  The  dispute,  in  reality,  lay  between 
Projects  4  and  5. 

1. — This  plan  provided  for  a  harbor  in  the  lake  where  the  line  of 
the  main  street  of  Buffalo  intersected  the  beach.  The  harbor  was  to  be 
formed  by  building  a  pier  in  a  westerly  direction  and  then  extending  it 
northerly  parallel  to  the  shore.  The  width  of  the  harbor,  from  east  to 
west,  was  to  be  1  000  ft. 

2. — It  was  proposed  to  excavate  the  neck  of  land  near  the  ferry,  and 
enter  Buffalo  Creek  from  the  lake  along  the  slip.  This  plan  met  with 
little  favor. 
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3.— Another  plan  was  to  oonBtruct  a  Urge  harbor  at  Black  Book  by  Mr,  Lyio. 
bnilding  a  pier  from  Bird  Island  to  Sqnaw  Island,  thence  to  Strawberry 
IsliDd,  thence  to  the  head  of  Grand  Island,  and  closing  the  opening 
between  Orand  Island  and  the  eastern  shore  bj  a  dam  at  White  Oak 
Blnfib.  This  plan,  by  reason  of  its  enormous  cost  and  the  likelihood 
of  international  difficulties,  was  soon  abandoned. 

4— The  fourth  plan  differed  from  the  third  in  calling  for  the  dam 
at  the  lower  end  of  Sqnaw  Island  instead  of  at  White  Oak  Bluffs. 
The  north  and  south  pier  was  to  be  aboat  600  ft.  from  the  shore,  and, 
st  the  upper  end  of  Sqnaw  Island,  was  to  meet  an  embankment 
extending  along  the  eastern  shore  of  this  island  to  the  western  end 
of  the  dam.  This  plan  was  worked  out  by  James  Geddes.  In  the 
plan  adopted  finally  the  pier  was  built  nearer  the  main  shore.  A 
slight  modification,  and  one  vhich  did  not  affect  the  embankment  and 
dam  already  mentioned,  was  to  tarn  the  pier,  at  right  angles  with  the 
shore,  about  800  ft.  north  of  Bird  Island,  thence  to  extend  it  two- 
thirds  of  the  way  across  the  east  channel  and  thence  at  right  angles 
down  stream  to  the  south  end  of  the  embankment.  A  pier  built  in  this 
manner  would  obstmct  the  flow  of  the  Niagara  Biver  greatly,  and  the 
modified  plan  was  discarded. 

The  Blaok  Bock  project  met  with  considerable  favor,  and  was 
championed  by  Oenenl  Peter  B.  Porter,  a  citizen  of  Black  Rock,  and 
his  associates.  They  oontended  that  in  case  of  a  storm,  a  harbor 
at  Black  Bock  would  be  more  easily  entered  than  the  one  at 
Bnffalo,  which  will  be  described  later;  that  the  canal  would  be 
shortened  considerably  by  deciding  in  favor  of  Black  Bock;  that 
the  harbor  would  be  much  larger  than  the  one  at  Buf&lo;  and  that 
hydraulic  power  of  immense  value  would  be  developed.  They  main- 
tained that  Bu&lo  Creek  brought  down  the  sand  that  formed  the 
bar  at  its  mouth,  and  that  Bnfblo  Creek  was  eminently  unfit  for  a 
sheltering  place. 

The  objection  to  the  Blaok  Bock  plan  was  largely  on  account  of  its 
excessive  cost.  It  was  urged  that  in  case  of  hostilities  with  the  British, 
the  harbor  would  be  useless  as  long  as  they  held  possession  of  the  op- 
porite  shore;  and  that  in  time  of  winter  the  floating  ice  hurried  along 
in  the  swift  current  would  demolish  the  pier.  The  prevailing  winds 
would  also  interfere  decidedly  with  the  exit  of  vessels  in  attempting  to 
reach  !Lake  Erie.  Another  objection  to  the  Black  Rock  Harbor  arose 
from  the  fact  that  the  bottom  was  rocky  and  afforded  poor  anchorage, 
it  wa»  also  argued  that  the  protection  of  Black  Bock  against  the 
violence  of  the  waves  was  due  to  the  rapids  in  the  Niagara  Biver;  and 
that  this  advantage  would  be  partially  loet  should  the  harbor  be  con- 
Btrocted  and  the  elevation  of  the  water  surface  at  Black  Rock  be  raised 
to  the  surface  elevation  of  Lake  Erie.  Since,  in  accordance  with  this 
plan,  the  canal  was  to  be  supplied  with  water  from  Black  Bock  Harbor, 
it  was  thought  by  many  that  it  would  be  somewhat  dangerous  to  stake 


b,CoogIc 


106  DIBCUSSEON  ON    BUFFALO  BBBAKWATBB.  [Papen. 

r.  L)d«.  the  welfare  of  the  oanai  on  ui  artificial,  and  in  some  reepecte  an  ex- 
perimental, constrnotion.  The  work  there  wonld  reqidre  mnoh  more 
time  for  its  exeoation  than  that  at  Bnfialo,  and  the  time  element  was 
a  Tery  important  one  in  view  of  the  public  clamor  tor  the  canal's  earlj 
completion. 

5. — A  plan  which  did  not  thoroughly  meettbe  approval  of  the  Canal 
Commission,  bnt  which  was  endorsed  by  Ooyemor  Clinton  and  one  of 
the  commissioners,  provided  for  the  developinent  of  the  month  of 
Itoffalo  Creek  as  a  receiving  basin  which  would  be  both  cheap  and 
adequate.  The  plan  was  prepared  by  David  Thomas,  who,  in  1820,  was 
appointed  Engineer  of  the  western  section  of  the  Erie  Can&l,  from  the 
Oenesee  River  to  Lake  Erie,  and  who  was  coDtinned  as  Chief  Engineer 
of  the  same  section  by  a  resolution  of  the  Canal  Commiasion  passed  in 
March,  1822.  From  his  report,  printed  in  the  "  Public  Document s relat- 
ing to  the  New  York  Canals, "  published  in  1821 ,  are  copied  the  following 
extracts: 

"The  depth  of  water  in  Buffitlo  Creek  is  aufflcient  for  a  harbonr. 
In  taking  soundings  almost  up  to  the  ferry  (which  is  1  mile  from  the 
entrance)  the  least  depth  observed  was  11  ft.,  and  this  only  in  two 
places;  bnt  the  common  depth  up  this  stream  is  from  12  to  11  ft. 
About  60  rods  above  the  month  of  Little  Buffalo,  we  found  17  ft.,  and 
a  few  rods  within  that  part  of  the  entrance  which  is  obstrncted  by 
sand,  we  found  19  ft.  No  injury  to  this  channel  need  be  apprehended 
from  depositions  of  either  sand  or  mud. 

"The  breadth  of  this  creek,  jnst  above  Little  Buffalo,  is  fnll  16 
rods;  but  35  rods  above,  the  breadth  is  only  12  rods;  and  the  calcala- 
tion  of  two  triangles,  taken  further  up  the  stream,  at  the  respective 
distances  of  40  and  70  rods,  gave  no  material  difference. 

"  The  shore  is  bold,  and  very  little  of  the  channel  need  be  occupied 
by  wharves. 

"It  appears  that  after  freshets  in  this  stream,  the  entrance  is 
deepened  from  12  to  15  ft. ;  but  the  common  current  is  so  slnggiah  as 
to  permit  the  first  gale  to  drive  sand  and  gravel  into  it  from  the 
south.  As  the  obstruction  to  navigation  only  originates  from  this 
simple  cause,  a  remedy  equally  simple  will  be  sufficient,  and  may  be 
found  in  a  pier  or  mote,  as  heretofore  proposed  by  William  Peacock. 
I  think,  however,  that  both  its  position  and  conatmction  should  be 
different. 

"  I  would  propose  to  commence  it  at  the  lighthouse,  because 
there  is  no  firm  gronnd  further  north,  and  the  work  ought  to  be  secure 
in  the  rear.  Thus,  if  we  began  half  way  down  to  the  point  twhich  is 
only  a  loose  bed  of  sand  and  gravel),  Buffalo  Creek  mignt  break 
through  between  the  pier  and  the  lighthouse.  On  the  contrary,  if 
we  commence  it  above  that  building,  the  entrance  of  the  creek  will  be 
less  protected  from  northwesterly  storms;  and  this  view  will  be  im- 
portant whether  we  consider  the  entering  of  vessels  or  the  drifting  of 
sand  into  the  channel.  It  appears  that  the  direction  of  the  gale 
shapes  the  gravel  point,  aa  ita  course  oa  William  Peacock's  map 
varies  considerably  from  its  present  poaition. 

"The  reason  for  locating  the  pier  above  the  lighthouse  was 
founded  in  misapprehension.  There  is  no  appearance  of  sand  or 
gravel  having  ever  been  brought  down  by  Buffalo  Creek." 
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The  foregoiDg  report  is  dated  Ootober  15tb,  1819.  H 

It  was  Mr.  Thomas'  plan  to  commance  the  pier  at  the  lighthonee 
tad  extend  it  North  70°,  West  1  150  f(.  The  pier  waa  to  be  made  of 
timber  cribs;  the  sabatmotDre  was  to  be  of  round  green  logs  filled 
Tith  brnsb  and  gravel,  and  the  auperatrnctTire  of  squared  oak  timbers 
loaded  with  large  blocks  of  etone. 

In  a  letter  to  Myron  Holley,  who  was  one  of  the  Canal  Commia- 
sioaers,  Mr.  Thomae  writes : 

"If  it  should  be  deemed  the  best  polio;,  not withstan ding,  to 
expend  the  funds  of  the  State  in  maki&K  a  oapaoiona  horboar,  and  not 
to  wait  &0  jeare  when  it  ma;  be  wanted,  still  Black  Book  is  not  the 

Itiaoe  for  snoh  an  expenditure.  In  trnth,  it  is  the  most  prepoeteroue 
Dcation  that  conld  be  attempted.  To  make  a  harbour,  worthy  of 
being  known  as  a  national  work,  the  site  south  of  the  Baffalo  pier, 
orifpnallj  selected  by  Joseph  Ellioott,  ia  unquestionably  the  best. 
At  an  expense  not  amounting  to  oue-half  of  the  Block  Bock  pier,  a 
liarbonr  may  be  formed  in  the  lake  which  shall  be  twice  as  oapacious 
as  the  anchoring  ground  to  be  enoloaed  by  that  work." 

An  argument  in  favor  of  Bnffalo  Harbor  was  its  protection  from 
storms  and  its  freedom  from  ice.  Mr.  Thomas  also  ut^ed  that  as  the 
water  of  Buffolo  Creek  was  mnch  warmer  in  the  early  spring  than  the 
water  in  the  Niagara  Biver,  canal  navigation  conld  be  opened  several 
weeks  earlier  if  Bn&lo  Creek  were  made  the  terminus.  This  was 
afterward  found  to  be  the  case. 

It  may  be  of  interest  to  coDsider  Qovemor  Clinton's  opinioue  con- 
cerning the  Black  Bock  project.  In  a  letter  to  Mr.  Thomas,  dated 
Jnl;  25th,  1823,  he  writes: 

"The  Canal  Board  have  adjourned  to-dav  after  affirming  their 
former  decision  in  favor  of  Black  Bock.  Thia  has  received  my  decided 
opposition,  and  is,  in  mj  opinion,  totally  indefenaible." 

Again,  on  June  i5th,  1824,  he  writes: 

"The  decision  in  favor  of  Black  Book  is  uaiversally  condemned, 
and  whatever  the  motives  may  have  been,  the  deed  itself  will  stamp 
the  authors  with  indelible  blame." 

Again,  on  the  11th  of  July  of  the  some  year: 

"  With  respect  to  the  Black  Book  Harbour  (if  artificiallv  oon- 
stracted)  I  never  had  but  one  opinion  of  its  merits — that  it  will  be  a 
total  failure  unless  at  least  a  million  dollars  ia  expeuded  on  its  con- 
strnctioD.  Time  will  verify  your  opinion,  and  there  can  be  no  doubt 
but  that  the  men  who  have  sanctioned  this  measure  will  repent  of 
their  foUy." 

The  Black  Bock  Harbor  w^s  built,  bat  it  was  decided  to  continue 
the  canal  as  a  branch  to  Buffalo.  The  Black  Bock  undertaking  proved 
a  failure.  The  pier  suffered  severely  from  the  storms,  and  the  harbor 
became  choked  with  mad,  as  has  been  described  in  Major  Symons' 
report  After  the  completion  of  the  canal,  the  Village  of  Black  Bock 
gradually  declined  and  was  soon  overshadowed  by  its  more  fortunately 
sitnated  rival. 
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Mr.  Hughes.  D,  E.  HuciHBs,  Esq.  (by  letter)— This  paper  ia  very  interesting  and 
inatmotiTe. 

The  oharActer  of  tlie  clay,  the  croos-eection  of  the  moand,  mid  the 
damage  sustained  in  Deoembet,  1902,  are  matters  of  great  importance 
for  fntnre  reference,  and  there  are  a  few  points  concerning  them  which 
the  author  has  not  jet  mode  quite  clear. 

Fig.  22  shows  a  narrow  berme  on  the  harbor  side,  with  slope  of 
1  on  IJ  below  it,  while  Figs.  18  and  20  show  a  steepeielope,  and  prac- 
tically no  berme.  The  elope,  1  on  1^,  is  verj  near  the  natural  slope 
of  rubble  in  comparatively  qniet  water,  and,  taken  in  connection 
with  the  steeper  slope  above  it,  wontd  give,  in  the  absence  of  an 
ample  berme,  a  combination  which,  though  stable  under  vertical  force 
alone,  cannot  have  much  reserve  safety  to  withstand  the  resnltant  of 
gravity  and  the  force  of  breakers,  whether  the  latter  be  consideied  as 
acting  on  the  atmcture  as  a  whole  or  as  a  pressure  transmitted  throngh 
the  water  in  the  interstices  to  act  on  individual  stones  in  the  harbor 

It  ia  noted  that  the  drawings  show  that  the  gravel  hearting  was 
built  to  about  its  natural  slope  on  the  harbor  side.  A  pile  of  rounded 
bodies  like  pebbles,  when  subjected  to  a  load  on  top,  tends  to  flatten 
out;  hence,  in  this  case,  there  would  be  some  horizontal  push  from 
the  gravel  against  the  rubble  armor,  lessening  its  stability.  Again, 
unless  the  interstices  in  the  rubble  be  very  small,  the  water  in  them 
will  be  agitated  to  such  an  extent,  when  breakers  are  high  on  the  lake 
side,  that  the  gravel,  unless  very  coarse,  will  seek  a  flatter  slope  by 
running  into,  and  possibly  through,  the  armor.  Any  such  movement  in 
the  gravel  would  rob  the  superstructure  of  its  support,  asd  the  cap- 
ping stones,  like  a  straining  beam  truss,  or  an  arch,  would  produce 
horizontal  thrust,  and  the  weaker  abutment — that  on  the  harbor  side 
— would  be  the  one  to  yield.  The  paper  does  not  state  how  coarse  the 
nibble  was,  nor  how  fine  the  gravel. 

The  author  gives  a  quotation,  leaving  it  uncertain  whether  or  not 
he  concurs  in  all  its  statements,  in  which  it  is  said  that  "  a  length  of 
about  1  000  ft.  sank  into  the  clay  about  10  to  14  ft.,"  and  Fig.  22  showB 
a  typical  section  before  and  after  the  damage.  The  second  section  has 
as  much  area  above  the  plane  of  the  lake  bed  as  ia  shown  in  the  first, 
the  loss  at  the  top  being  fully  compensated  by  the  addition  to  the  toe 
on  the  harbor  side,  thus  proving,  if  the  drawings  be  correct,  that  there 
was  no  sinking  into  the  clay,  and  that  th?  deformation  was  dne  to 

Considering  the  height  of  the  mound,  the  voids  in  the  stone  and 
gravel,  the  buoyancy  of  the  water,  and  the  distribution  of  the  press- 
ure over  the  wide  base,  the  extra  load  on  the  foundation  dne  to  the 
structure  is  less  than  1  ton  per  square  foot.  The  author  classified 
material  dredged  not  far  distant  as  moderately  stiff  clay,  and  walls 
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I  trenches  stood  much  steeper  than  1  on  I.  It  is  not  stated  Mr.  Hugh 
t  the  eteepnees  was  limited  bj  the  character  of  the  material 
le  mode  of  dredging.  In  either  case,  ench  claj  voold  be  6X- 
to  bear  a  random  stone  breakwater  42  ft.  high;  hence  it  would 
resting  to  know  what  comparison  was  fooud,  by  borings  or 
»e,  between  it  and  the  al&j  along  that  part  of  the  breakwater 
offered  damage,  also  how  easily  the  range  piles  drove  along 

il  the  light  of  the  final  discnssion  is  received,  it  will  seem  to 
ter  that  the  so-called  settlement  was  a  deformation  dne  to  some 
iency  in  the  cross -section,  and  not  to  any  failure  of  the  clay 
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Bj  Hbbbbbt  J.  WHiS,  Jan.  Am.  I 
1o  BE  Prbsbhted  Masoh  2d, 


The  ooaet  of  MaiDe,  from  the  month  of  the 
mouth  of  the  Penobscot,  presents  b  series  of  ba^ 
Indeed,  the  United  States  QeologicalSnrvejhas 
in  which  Marsh  River  appears  (the  Boothbaj  I 
typical  flord  coast  line. 

When  the  Enox  and  Lincoln  Railway  w 
Seventies,  ita  general  direction  was  parallel 
distant  from  the  coast.  This  location  made  it 
waters  five  times  in  the  47  mitea  from  the  Eenn< 
All  these  opeoings  were  apaaned  originally  by 
have  since  been  fitted  with,  steel  awing  draws, 
tion  of  the  snbstrnotnre  of  the  fourth  of  tt 
modem  ateel  strnotiire. 

Marah  River  Bridge,  in  the  Town  of  Ne 
branch  of  the  Sheepacot  Biver,  which  derives  i 
which  are  the  typioal  mad  flats  bordered  with 

NcTL— These  papers  are  Issued  before  the  date  Mt  for 
Correepondence  li  InWud  from  thmw  whn  mnnnChn  nnw 
be  Knt  by  mall  to  the  Secretary. 
In  A  Hubse^iueat  Dumber  nt  Protx* 
cunlou  In  lull,  will  be  publlBhed  In 
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Th«  oroBBiog  is  practical!;  600  ft.  in  width,  bat  embankmeDtB  have 
redaced  the  span  of  the  present  stnictnre  to  554.5  ft. 

In  August,  1902,  the  writer  made  snrrejB  of  the  site  of  the  old 
bridi^e,  nndeTtbe  direction  of  Benjamin  W.  Gappy,  M.  Am.  Soc.  C.  E., 
Bridge  Engineer  of  the  Maine  Central  Bailroad.  The  designs  of  the 
new  bridge,  both  anbetraotare  and  snperstraetare,  were  dereloped  bj 
Mt.  Gappy  and  approved  by  Mr.  T.  L,  Dnon,  Chief  Engineer,  the 
following  winter. 

On  March  14th,  1902,  application  was  made  to  the  Secretary  of 
War  for  permission : 

"To  Babetitnte  a  steel  plate-girder  bridge  on  Htone  piers  for  the 
wooden  treetle  bridge  on  wood  oribs  and  piles,  bnilt  Vi92  to  1896, 
which  replaced  the  wooden  bridge  originally  constracted  about 
1872." 

The  contract  for  the  sabstrnctore  was  awarded  to  Ellis  and  Bns- 
well,  of  Wobnm,  Mass.,  and  the  writer  was  assigned  as  Beeident 
Engineer  in  Charge. 

Work  was  began  on  May  19th,  and  completed  on  December  10th, 
1003. 

The  design  called  for  six  piers  and  two  abutments  of  first-class 
ashlar  granite  masonry,  with  fonndations  of  piles  and  concrete,  as 
shown  on  Fig,  1,  the  general  drawing,  which  also  shows  the  old 
wooden  bridge. 

As  will  be  seen  by  this  drawing,  the  plan  was  to  constract  the 
new  masonry  withont  interfering  with  the  passage  of  traias.  The 
specifications  also  called  for  the  conetrnotion  of  Pier  No,  4  last,  in 
order  that  the  channel  might  be  blocked  and  navigation  impeded  for 
the  shortest  time  possible. 

Abutmenft. — Work  on  the  west  abatment  was  began  first.  One 
trestle  bent  of  the  old  bridge  came  directly  on  the  abutment  site, 
as  shown  on  the  general  drawing.  Its  removal  was  effected  by  driviog 
a  bent  of  six  piles  jnst  east  of  the  front  line  of  the  foandation,  and  a 
bent  of  six  piles  west  of  the  rear  line  of  the  foundation.  The  track 
was  theu  supported  by  three  8  x  14-in.  track  sticks  under  each  rail, 
with  a  clear  span  of  21  ft.  The  regular  stringers  were  blocked  up  ao 
the  new  bents,  and  the  interfering  ones  removed. 

The  excavation  was  carried  to  Elevation  43,  or  1  ft.  above  low 
water.     (All  elevations  are  from  an  arbitrary  datum.)     The  original 
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plan  was  to  drive  piles  here,  as  in  all  theother  foundations.  Hjdranlic 
borings  had  been  made  in  varioiiB  localities,  and  the  results  are  shown 
)n  the  general  drawing.  When  the  escavatlon  reached  Elevation  43, 
i  very  firm,  hard  clay  was  encountered.  So  promising  did  it  seem 
for  a  good  foundation  in  itself  that  it  vob  tested  for  bearing  power. 
&  12  X  12-in.  timber  was  arranged  with  a  free  vertical  motion  and 
loaded  with  a  weight  of  9  860  lbs.,  with  no  settlement.  As  this  was 
largely  in  excess  of  the  unit  load  the  finished  foundation  was  to  bear, 
it  was  deemed  safe  to  bnild  without  the  piles,  which  was  done.  The 
east  abutment  was  a  duplicate  of  the  western  one,  with  the  exception 
that  the  foundation  piles  were  driven  as  shown. 

One  bent  of  the  old  bridge  was  directly  on  the  east  abntment  site, 
and  the  first  bent  east  was  in  danger  of  being  andermined  by  the 
excavation.  A  bent  of  six  piles  was  driven  in  front  of  the  abutment 
site  and  a  bent  of  four  piles  east  of  the  threatened  beat.  The  track 
was  carried  on  three  H  x  14-in.  sticks  under  each  rail.  The  two  trestle 
beuts  were  removed  and  a  third  bent  of  four  piles  was  driven  to 
replace  the  easterly  or  threatened  bent,  narrowing  the  clear  span  to 
•^.H  ft. 

On  the  west  abutment,  the  excavated  material  deposited  in  front 
was  sufficient  to  keep  out  the  water.  Lower  ground  adjoining  the 
east  abutment  made  some  sort  of  a  cofTer-dam  necessary.  This  was 
built  with  the  clay  excavated,  faced  and  capped  with  turfs  of  marbh 
grasx.  After  the  collapse  of  a  small  section,  at  the  start,  a  dam  of 
sufficient  height  and  strength  was  easily  and  quickly  built.  Beyond 
heiQf;  overflowed  by  an  extra  high  run  of  tides  iu  August,  this  dam 
served  its  purpose  admirably,  with  a  minimum  amount  of  leakage.  A 
ditch  pump  handled  all  the  water  in  the  west  abutment.  A  6-in.  cen- 
trifugal pump  was  used  at  the  east  abutment  to  clear  the  pit  when 
necessary,  but  a  smaller  pump  would  have  answered  as  well. 

The  abutments  were  laid  with  a  boom  derrick  erected  on  the  fill 
near  the  ends  of  the  bridge.  The  general  character  of  the  masonry, 
and  the  method  of  carrying  the  track  are  shown  in  Fig.  1,  Plate  I. 

Piers.— Six  piers  were  contemplated,  in  four  of  which,  i.  e..  Piers 
1,  2,  5  and  6,  the  piles  were  cut  off  at  Elevation  40,  or  2  ft.  below  low 
water.  The  construction  of  these  piers  will  be  described  first.  The 
piles  in  Piers  3  and  4  were  cut  off  at  Elevation  30.  Their  construction 
will  be  taken  up  separately. 
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For  Piers  1,  5  and  6,  no  track  preparatioo  was  DeoesBsr; 
Pier  2,  the  first  bents,  both  to  the  east  aiid  west,  were  removi 
the  crib  shown  on  the  east  side  was  ont  down  close  to  the  midd 
of  the  group  of  three  bents  shown  on  the  plan.  A  bent  of  fon 
was  driven  west  o(  the  group  of  two,  and  the  track  was  carried 
12  1 12-in.  track  sticks  under  each  rail,  with  a  span  of  15.S  ft. 

The  sites  of  Piers  1,  2,  5  and  6  were  directly  over  the  old  or 
of  the  original  bridge.  The  material  to  be  excavated  consisted 
cribwork.  filled  with  rocks  and  mud  from  the  flats.  The  nature 
material  is  indicated  in  Fig.  2,  Plate  I,  a  view  of  the  old  bridge  1 
east  from  the  channel.  This  excavation  was  the  hardest  ao' 
tedious  part  of  these  four  piers.  It  was  only  possible  to  work 
tide  or  low  tide.  The  old  cribwork  was  so  sound  that  it  was  nei 
to  cut  nearlj  every  timber,  it  being  impossible  to  start  them  w 
ear  derrick.  Piers  1, 2  aod  6  were  excavated  and  the  pits  oribbt 
2-in.  plank.  Pier  5  was  in  deeper  water  on  the  north  side,  and 
necessary  to  drive  a  ooffer-dam  of  3-in.  grooved  and  splined  t 
Small  boulders  under  the  dam  wore  removed  bv  grappling  for  t) 
means  of  iron  rods  with  hooks  on  the  ends.  After  looseninj 
they  were  brought  to  the  surface  by  workmen  diving  for  the 
water  being  about  5}  ft.  deep.  This  was  a  crude  method,  but, 
to  the  small  quantity  of  rock  to  be  moved,  it  was  quite  efiective 

The  excavated  logs  and  rooks  were  used  to  build  temporal 
work,  normal  to  the  bridge,  to  carry  the  rear  of  the  pile-driver 
driver  was  supported  beneath  the  bridge  on  a  platform  of  12  i 
timliers  built  on  the  adjacent  bents  of  the  old  bridge.  The 
was  mounted  on  10-in.  hollow  iron  rolls  ruuning  under  a  g 
carriage.  Motion  sideways  was  secured  by  sliding  the  carri 
the  rolls  by  a  rope  rove  from  the  carriage  to  the  old  bridge  and 
drum  of  the  engine. 

The  longest  pile  that  could  be  put  in  the  driver  was  at>out  • 
When  longer  ones  were  necessary,  they  were  driven  from  th( 
by  the  derrick  car.  For  this  purpose,  leadi 
a  top  or  bottom,  were  made.  The  piles  wi 
through  openings  in  the  ties.  The  leads  were 
runner  and  placed  on  the  pile, '  the  whole  b 
watch-tackles.  The  hammer  was  then  put  int 
and  manipulated  by  the  regular  fall   of  the 
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When  the  piles  hod  been  driven  to  such  an  elevation  that  the  driver 
mounted  below  could  be  rolled  over  them, the  hanging  leads  were 
removed  and  the  piles  followed  home  from  below.  A  view  of  this  is 
Bho«-ii  in  Fig,  1,  Plate  II,  which  also  shows  Pier  1,  and  the  old  cribs, 
etc.,  at  low  water. 

After  the  piles  were  driven,  the  pits  were  pnmped  ont  bj  a  6-in. 
centrifugal  pump,  the  pilos  were  cut  off  and  the  concrete  laid.  The 
masonry  was  laid,  with  a  self-propelling  oar  derrick,  from  the  track. 
All  stones  for  the  piers  came  to  the  work  cnt  and  ready  to  lower  into 
place,  as  shown  bj  the  detailed  plans.  On  these  piers  the  cribs  and 
coffer-dams  were  carried  only  to  about  Blevation  44;  there  being  no 
attempt  to  work  on  the  masonry  except  at  low  water. 

Piers  3  and  4. — To  carry  the  track  during  the  constmotion  of 
Pier  3,  a  bent  of  six  piles  was  driven  west  of  the  proposed  pier,  and 
a  trestle  bent  erected  on  a  projection  of  the  west  side  of  the  old  draw 
pier.  The  beats  which  are  shown  on  the  general  drawing  as  inter- 
fering with  the  constmction  were  removed,  the  track  being  carried 
on  three  S  1 14-in.  sticks  nnder  each  rail,  in  addition  to  the  regular 
beams,  the  clear  span  being  17. 1  ft. 

The  excavation  for  Piers  3  and  4  was  largely  old  rip-rap  with  some 
flats  mud.  It  was  removed  by  an  orange-peel  dredge  bucket  hang 
to  a  boom  attached  to  the  adjacent  bents  of  the  old  bridge.  The 
material  was  discharged  on  a  Hcowwhich  was. run  beneath  the  bucket. 
It  was  onl;  possible  to  work  from  low  to  half  tide,  lack  of  bead  room 
not  permitting  the  bucket  to  be  raised  high  to  deposit  on  the  scow  at 
high  water.  The  engine  was  mounted  on  a  platform  on  the  old 
cribbing. 

In  excavating  for  Pier  3,  considerable  old  cribwork  was  encount- 
ered. For  its  removal,  the  power  chisel,  shown  in  detail  in  Fig.  4, 
was  constructed.  This  chisel  was  bolted  to  a  pile  butt,  and  after 
being  placed  over  a  timber  to  be  removed,  was  driven  through  it  in  a 
manner  similar  to  that  described  for  driving  long  piles.  Some  of  the 
timbers  thus  detached  were  too  water-soaked  to  come  to  the  surface. 
They  were  raised  by  a  pair  of  large  timber  hooks,  made  of  f  I  3-ia. 
iron,  secured  to  the  ends  of  handles,  15  ft.  long,  and  manipnlated 
from  the  scow.  After  a  saocessfal  hitch  had  been  made  with  this  set 
of  mammoth  pinchers,  the  timbers  were  lifted  by  the  car  derrick. 
Both  the  hooks  and  the  chisel  are  shown  iu  Fig.  2,  Plate  II. 
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Ad  Lmproyement  od  the  chisel  conld  have  been  made  by  giving  tha 
blade  ft  greater  length  than  11  ins.,  and  a  little  greater  depth  than  4^ 
ins.,  thus  making  it  e&eier  to  place  it  on  a  sunken  timber. 

The  piles  in  Pier  8  wore  driven  from  a  platform  supported  by  the 
bente  of  the  old  bridge.  Here  it  was  nBcessary  to  use  two  followers. 
A  follower  10  ft.  long  was  used  first  to  drive  the  pile  to  a  point  where 
a  26-ft,  follower  conld  be  used  to  drive  the  pile  home;  this  being 
necessary  because  the  hammer  conld  be  dropped  only  19  ft.  without 
leaving  the  bottom  of  the  leads.  The  piles  in  Pier  i  were  driven  from 
a  scow  in  the  usual  way. 


POWER  CHISEL 


The  piles  shown  on  the  general  drawing  are  to  sCale,  as  to  the 
depths  driven,  and  thus  show  the  approach  of  actual  driving  to  the 
borings  made  by  the  hydraulic  process. 

Cutting  the  piles  off  at  Elevation  30,  12  ft.  below  low  water,  gave 
more  trouble  and  caused  more  expense  and  delay  than  any  other  part 
of  the  wort,  especially  in  Pier  3.  In  Pier  4,  t-iey  wore  cut  off  with  a 
34-in.  horizontal  circular  saw  mounted  on  a  4-io.  shaft,  27  ft.  long. 
The  shaft  was  attached  to  an  upright  12  x  12-in.  timber  with  three 
bearings  6  ft.  apart.  The  stick  was  fastened  in  the  leads  of  the  pile- 
driver  mounted  on  a  scow.     The  shaft  was  suspended  by  a  taokltt 
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vith  a  Bwivel  which  admitted  of  its  rotation  and  vertical  adjustmeiil 
through  its  bearings.  The  power  was  transmitted  to  the  shaft  b;  t 
6-in.  belt  from  the  pile-driving  engine.  The  saw  was  set  in  position 
by  a  submarine  diver,  and  kept  at  ihe  correct  elevation  by  aligning 
tke  shaft  with  a  wye-level.  The  saw  was  fed  against  the  shaft  by 
shitting  the  scow  with  bow  and  stern  lines  and  watch-tackles.  Thi 
extreme  swiftness  of  the  tide  made  it  impracticable  to  work  except 
from  low  to  half  tide.  Much  trouble  was  caused  by  getting  the  saw 
into  two  piles  at  once,  which  caused  binding.  This  happened  once 
during  a  rapidly  rising  tide,  and  resulted  in  a  bent  shaft.  Trouble 
was  caased,  also,  by  continual  slipping  of  the  belt.  On  the  whole, 
the  efBoienoy  of  the  outfit  was  very  disappointing.  The  Ihirty-twc 
piles  were  ont  off  in  six  days,  including  all  delays  for  tide,  etc.,  and 
two  days  lost  by  tbe  bent  shaft.  The  diver  reported  a  very  creditabi* 
result  at  the  finish.  For  cutting  off  the  piles  in  Pier  3,  the  samt 
outfit  was  tried.  The  leads  aud  engine,  in  this  case,  were  mounted 
on  rolls,  as  in  tbe  pile-driving.  The  bearing  boxes  were  changed  tc 
10  ft.  apart,  and  a  10-in.  belt  wok  nubstituted  for  the  6-in.  belt.  It 
was  also  necessary  to  remove  the  side  braces  from  the  leads  to  pei'mil 
work  to  be  done  close  to  the  old  bridge.  When  the  engine  wsf 
started,  the  vibration  of  the  platform  was  so  great  that  the  leads  and 
engine  traveled  sideways  on  the  rolls,  and  even  the  rolls  shifted.  Th( 
result  was  that  the  saw,  on  being  fed  into  a  pile,  bad  a  swaying  mo- 
tion which  jammed  the  teeth  hard  into  the  wood,  and  stopped  thf 
saw  with  a  sharp  jerk.  After  a  series  of  attempts  to  remedy  the 
trouble,  the  saw  was  abandoned.  The  principal  diOiculty  in  the  ns< 
of  tbe  horizontal  saw  seemed  to  be  due  to  four  causes;  First,  in  feeding 
the  saw  gradually  into  a  pile  which  was  entirely  invisible;  second, 
the  extreme  swiftness  of  the  tide;  third,  the  continued  tendency  of  the 
belt  to  slip;  fourth,  lack  of  engine  power  (an  8  x  12-in.  single-cylindei 
engine  was  used). 

On  abandoning  the  power  saw  in  Pier  3,  tbe  piles  were  cat  by 
two  submarine  divers,  the  ont-off  being  given  them  on  each  pile  by  t 
28-ft.  iron  pipe,  1}  ins.  in  diameter,  and  a  wye-level.  The  forty  piles 
were  cut  ofi'  in  seven  days,  on  fonr  days  ot  which  only  one  divei 
worked.  The  divers  worked  from  three  to  four  hours  daily.  Tbeii 
principal  trouble  seemed  to  be  in  getting  a  proper  saw.  Several 
kinds  were  tried,  bat  none  seemed  to  be  entirely  suitable  for  the 
work. 
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After  the  pitee  were  out  off,  stone  chips  were  dumped  among  the 
pile  beads  and  leveled  by  the  divers.  These  chips  were  rated  as 
concrete. 

The  method  first  proposed  for  the  constmction  of  Piers  8  and  4 
was  by  a  floating  caisson,  the  bottom  of  which  was  to  be  the  grillage 
of  12- in.  timbers  sho  wn  on  the  detailed  plans,  the  eides  to  be  removable. 
The  writer  suggested  as  a  substitute  the  device  which  was  finally 
used.  For  Pier  i  it  bent  of  fonr  piles  was  driven  on  each  side  of  the 
site  of  the  pier  and  cut  off  at  Elevation  46.17,  as  shown  in  Fig.  5. 
These  piles  were  capped  with  12  x  12-in.  hard  pine.     Three  striugen 
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of  two  8  X  li-in.  hard  pine,  spaced  2  ins.  apart,  were  set  at  such  points 
as  to  lie  directly  over  the  lowering  rods  when  the  grillage  should  be 
over  its  proper  position  on  the  piles.  The  two  end  and  center  sticfaa 
of  the  next  to  the  bottom  course  of  the  12-in.  timbers  in  the  grillage 
were  given  a  projection  of  8  ins.  on  each  side;  each  timber  beingcut  out 
1  in.,  thus  making  a  2-)n.  slot  6  ins.  deep.  The  lowering  rods,  six  in 
number,  were  of  IJ-in.  iron,  10  ft.  st  the  top  being  threaded.  The 
grillage  was  floated  into  position  beneath  the  stringers  on  a  falling 
tide,  and  the  rods  were  inserted  in  the  slots  and  plumbed.     Two  nuts 
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and  a  1 1  6  X  15-in.  plate  washer  were  naed  on  tbe  bottom  of  e»cb  rotl. 
and  a  washer  of  the  same  aize,  with  the  addition  of  a  9-ia.  ronnd 
washer  and  one  nnt,  was  set  on  top  of  the  stringers.  After  placing  in 
position,  a  oonrse  of  stone  was  laid  and  the  upper  nuts  slacked  as  much 
as  possible  before  the  rising  tide  flooded  the  work.  Wedges  were 
placed  between  the  top  of  the  maaonrj  and  the  stringers  as  a  preventive 
of  possible  lateral  motion.  This  operation  was  repeated  at  each  tide, 
and  on  the  aeTenth  tide  the  grillage  rested  on  the  piles,  and  was  prac- 
tically correct  att  to  both  level  and  position.  Darkness  prevented 
utilizing  the  whole  of  each  tide,  or  the  pier  wonid  have  been  lowered 
in  five  tides,  t.  e.,  one  course  to  a  tide. 

AFter  the  grillage  rested  on  the  piles,  the  stringers,  rods,  etc.,  were 
removed  and  nsed  again  in  Pier  3  (which,  contrary  to  expectation,  was 
hnilt  after  and  not  before  Pier  4).  The  remainder  of  Pier  4  was  bnilt 
up  to  high  water  as  tide  work. 

Pier  3  was  constmcted  by  the  same  means  as  Pier  4.  Here,  Low- 
ever,  one  nnt  was  left  off  the  bottom  of  each  rod,  and  the  rods  were 
headed  up.  Two  polished  steel  washers  were  also  inserted  between  the 
lowering  nat  and  the  9-in.  cast  itasber.  An  improvement  on  this 
device  could  be  made  by  inserting  a  ball-bearing  washer  below  the 
lowering  nnt.  Also,  the  nse  of  three  connected  ratchet  wrenches  on 
each  side  wonld  have  assured  an  equal  turning  of  all  nuts,  and 
obviated  an  occasional  binding.  Pier  3  was  lauded  on  the  piles  in  ten 
tides,  and  then  completed  rapidly. 

The  pier  masonry  and  excavation,  throughout,  was  carried  on  with 
a  self-propelling  derrick-car  working  under  flag  protection.  This  car 
was  the  property  of  the  contractors,  Ellis  and  Baswell,  and  on  this 
work,  especially,  was  a  valuable  piece  of  machinery,  as  it  enabled 
them  to  bring  out  stock  to  any  pier,  and  work  directly  over  it.  From 
the  beginning  of  the  work  until  the  middle  of  October  there  were 
thirteen  trains  during  working  hours,  and  after  that  time,  seven 
trains.     Waiting  for  trains  caused  some  delay,  especially  at  low  tide. 

Table  No.  1  is  a  force  account,  in  connection  with  which  a  word 
of  explanation  is  due.  The  small  amonnt  under  "  Laborers,"  in  pro- 
portion to  men  of  higher  wages,  is  due  to  the  faot  that  the  masons, 
blacksmiths,  etc.,  worked  on  excavations,  pile-driving  and  other  work, 
as  time  or  tide  made  necessary,  it  being  impossible  to  work  a  lai^e 
crew  to  advantage. 
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ItAJ. 

Jun«. 

J* 

AUB. 

SepL 

Nov. 

Dm. 

Toteb. 

11 

96 

as 

S4 

■SI 

IS 

87 

» 

W 

« 

W 

n 

88 

1 
J 

S 

S8 

1 

J 

tt 

w 

* 

» 

« 

101 

sn 

U6 

m 

S84 

sm 

M8 

lis 

ISM 

. . 

All  cement  need  on  the  work  was  sabjected  to  the  accelerated  tcata 
recommended  in  the  report  of  the  Special  Committee  on  Unifonn 
TefltB  of  Cement.*  The  water  of  the  river,  which  was  osed  on  the 
work,  was  also  nBed  in  the  testa. 

The  final  estimate  of  work  done  is  given  in  Table  No.  2. 

TABLE  No.  2— FmAi  Estimate. 

Excavation  of  earth  and  old  cribs 1  397  en.  yds. 

Pilea,  below  cnt-off 8  068  lin.  tt. 

Concrete  and  chips  in  Piers  3  and  4 81  on.  yds. 

Timber  in  grillage  in  Piers  3  and  4 22  944  ft.,  B.  U. 

Pier  masonr? 579  on.  yds. 

Abutment  masonry 463  en.  yds. 

The  tilling  about  the  two  new  abntments  was  deposited  bj  the 
railroad  company,  and  consisted  of  limestone  chips  from  the  qnarriei 
at  Rockland,  33  miles  distant. 

The  writer  regrets  that  he  is  nnable  to  show  any  photographs  of 
the  method  of  lowering  the  masonry  of  Piers  3  and  4,  as  an  Etocident 
in  the  darkroom  caaeed  all  the  negatives  to  be  light  atrack. 

The  nuts  were  turned  by  key  wrenches  with  handles  about  i  ft. 
long.  In  both  piers,  five  courses  were  in  place  before  they  rested 
finally  on  the  pile  heads.  Most  of  the  time,  it  required  two  men  on 
each  wrenoh.  With  the  improvements  mentioned,  and  where  the 
current  was  leas  rapid,  this  method  woold  be  most  sncoeesfnl;  even 
■  Pnxxeding;  Am.  8oc.  C.  B..  Juiusry,  IMB. 
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in  this  work,  with  the  ourrent  and  heavy  loud,  the  lowering  was  done 
withont  R  hitch. 

A  qnestion  as  to  the  probabilitj  of  sea  worms  attacking  the 
timber  grillage  has  been  asked.  The  timber  cribs  uid  piles  of  the 
old  bridge,  on  examination,  do  not  show  a  single  instance  of  any 
attack  of  this  natore,  and  there  seem  to  be  no  reason  for  anticipating 

The  swiftness  of  the  tide  haa  been  mentioned.  Bj  an  examination 
of  the  general  plan  it  will  be  seen  that  the  cribs  of  the  old  bridge 
contracted  the  river  to  a  large  extent. 

There  were  no  means  at  hand  to  determine  the  actual  current 
velocitj,  but  it  was  swift  enough  to  make  all  water  work  exoeedinglj 
difficult. 
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PAPERS  AND  DISCUSSIONS. 


THE   LOCATION    OP  THE    KNOXVILLE,    LA   FOL- 
LETTE    AND  JELLICO   RAILROAD,    OF 
THE  LOUISVILLE  AND  NASH- 
VILLE SYSTEM. 


By  W.  D.  Tatlok,  M.  Am.  Soc.  C.  E. 
To  Bs  Pbesknted  Maiich  16th,  1904. 


There  are  eiperienced  field  eogineors  to  whom  the  pernaal  of  this 

paper  will  be  a  loss  of  time.     Many  engiDeering  papere  deal  with  the 

special    cbaracteriatiCB  of    special  atmctntea,   to    the  ezclnsion  of 

broader  qaestione.     The  esjjerienced  engineer  spends  most  of  bis 

time  in  thinking  oat  the  details  of   Buch  stmctnres,  and,  when  b« 

writes  an  account  of  his  work,  asanmea  that  his  readers  will  grasp  at 

once  the  broader  qnestions  involyed,  and  wilt  be  interested  onl;  in 

the  special  designs  which  have  taxed  his  own  ingenuity  moet.    Tbit 

wonld  be  all  very  well  if  his  writing  fell  only  nnder  the  eyes  of  eipe- 

rienoed  readers;  but,  probably,  ten  inexperienced  readers,  ten  atn- 

dents,  perhaps  in  search  of  information,  will  read  his  article  carefnlij 

where  one  basy  and  experienced  engineer  gives  it  hasty  perusal.    For 

the  inexperienced  reader,  the  broad  questions  affecting  the  whole 

Nou.— TlMae  papars  an  Inned  before  the  date  eet  for  preaentatlon  and  dlacuMioii. 
Cfwre^MKulence  la  tnTlted  from  ttioae  vho  cannot  be  prwent  nt  tbe  meetlBir.  aod  mayM 
■cut  bv  mall  to  the  Secretary.  Dlscunlon,  eltlier  oral  or  written,  will  be  publMiedaia 
_.w_i.„. ,. — .  = ^. ^  _u„  ._-.,_  ^ Uiepape™,wltlidl»co«*« 
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proposition  are  oftentimeB  of  more  valne  than  a  minute  doBoriptioD  of 
the  details  of  special  atmctnres.  For  him  a  diecnsaioD  of  the  eco- 
nomic qnestiona  whiob  determined  that  the  whole  project  of  constrao 
tion  was  adnaable  ma;  be  of  more  importance  than  the  most  inbricato 
and  learned  oalcnlation  upon  the  strength  or  eSSoiencj  of  special 
stmotural  parts^  or,  to  be  still  more  specific,  the  reasons  for  building 
a  road  in  one  vallej  rather  than  in  another  offering  a  shorter  route 
may  be  more  inBtractive  to  the  majorit;  of  readers  than  an;  or  all  of 
the  detailed  masonry  plans  worked  oat  in  the  constrnction  of  the 
road.  In  this  paper  the  writer  baa  attempted  to  set  forth  the  coudd- 
erations  which  determined  each  important  step  in  the  lay-ont  of  nhat 
he  believeB  is  the  most  important  engineering  work  undertaken  in 
recent  jesrs  in  the  section  of  country  in  which  thia  road  lies.  The 
paper  does  not  even  mention  the  part  of  the  work  on  whioh  the  writer 
spent  moat  of  hie  force;  bnt,  in  his  judgment,  it  includes  an  account 
of  all  the  best  work  accomplished  on  this  undertaking,  both  by  him- 
aelf  and  by  those  working  over  and  under  him. 

In  March,  1902,  the  writer  was  tendered  the  position  of  engineer  of 
constrnction  of  the  EnoxTille,  La  Follette  and  Jellico  Railroad,  with 
the  assurance  that  the  line  was  to  be  oonstructed  "  through  difficult 

The  IiDuiaville  and  NasbTille  Railroad  Company  has  a  line  from 
Cincinnati  to  Jellico  and  from  Lonisville  to  Jellico  (see  Fig.  1).  At 
this  time,  the  company  had  just  acquired  oontrol  of  tbe  Atlanta, 
KuoxTille  and  Northern  Railroad.  For  some  years  previous,  it  had 
operated  the  Oeorgia  Railroad  under  a  joint  lease  with  another  com- 
pany. For  alongwhile,ithadhadalaTge,  if  not  a  controlling,  interest 
in  the  Atlanta  and  West  Point  Railroad  and  in  the  Western  Railway  of 
Alabama.  Thne  the  eyetem  was  in  entire  or  partial  control  of  some  900 
miles  of  road  to  the  south  of  Enozville,  with  which  it  had  direct  con- 
nection only  at  Montgomery,  and  connection  through  a  controlled 
road  at  Atlanta.  From  Fig.  1  it  will  be  seen  that,  in  order  to  have 
these  properties  closely  united  to  the  body  of  tbe  system,  as  well  as 
to  operate  through  trains  from  Cincinnati  and  Louisville  through 
Knoivllle  to  Atlanta,  the  conetrucliou  of  the  gap  from  Jellico  to 
Enoxville  was  necessary. 

The  order  for  the  survey  and  oonatruotion  of  the  line  was  not  ac- 
oompanied  by  any  of  the  usual  tentative  conditions.     A  fair  traffic 


b,GoogIc 


RAILROAD  LOCATIOV. 


b,GoogIc         5: 


180  RAILBOAD   LOCATION.  (Ptpan. 

*  ctiOld  Mi  BtttHj  o'otinted  on  for  the  new  line,  from  the  Saj  of  Its  com- 
pletion, withoat  considering  the  lu^e  local  tnfSo  which  could  prob- 
nblj  be  developed  along  the  route.  Thns  the  chief  executive  of  the 
road  was  warranted  in  atithorizing  expensive  constmotion,  if  need  be, 
to  seoare  good  grades  and  alignment. 

The  distance  from  Saxton,  Eentncky,  to  Euoxville,  TeoneMee  (see 
Fig,  2),  on  a  straight  line,  is  approximatelj  61  milrs;  eta  the  Louis- 
ville and  Nashville  to  Jellico,  and  the  Enoxville  and  Ohio  Branch  of 
the  Southern  from  Jetlioo  to  Enoxville,  it  is  68.3  miiee.  This  branch 
of  the  Sonthem  was  bnilt  years  ago,  when,  in  the  location  of  rail- 
ways, little  attection  was  paid  to  fntore  economy  in  operation.  The 
line,  in  places,  has  grades  of  93  ft.  to  the  mile,  uncompensated  over 
stiff  curves,  even  near  the  tops  of  long  ascents.  Helper  augiueii  are 
used  freelj  on  the  line,  even  on  passenger  trains.  But  the  traffic  in 
south-bound  bituminous  coal,  from  Jellico,  Pioneer,  LaFolletle.Coal 
Creek,  BrioeviUe  and  Oliver  Springe,  is  large  enough,  it  is  said,  to 
make  this  one  of  the  best  paying  lines  of  that  system. 

The  entire  country  between  Saxton  and  Enoxville  has  been  covered 
by  the  United  States  Geological  Survey,  and  the  maps  of  this  Survey, 
though  found  to  be  very  inaccurate  aa  regards  topography  in  country 
inaccessible  by  horse  or  wagon,  was  of  untold  value  in  choosing  the 
routes  for  the  line. 

Waldens  Bidge  and  Oumberland  Mountain  (See  Fig.  2)  divide  the 
district  into  two  parts,  unlike  in  geography,  topography,  and  geotogr. 
That  portion  of  the  country  to  the  northwest  of  this  ridge  and  monn- 

'  tain  is  part  of  the  Cumberland  plateau  of  the  Appalachian  provuce. 
The  drainage,  for  the  most  part,  is  to  the  north  and  northwest  into 
the  Cumberland  Biver.  The  portion  of  the  district  to  the  southesat 
of  this  divide  is  a  part  of  the  great  valley  of  East  Tenneeaee,  and  the 
general  drainage  is  to  the  southwest  into  the  Clinch  and  Tenneuee 
Bivers.  To  the  northwest  of  this  dividing  line,  the  surface  rocka  sre 
Carboniferous;  to  the  southeast  they  are  Cambrian  and  Silurian.  The 
country  to  the  northwest  of  this  line  is  so  broken  and  rugged  that  it 
may  be  called  the  mountain  district.  Here  the  divides  rise  to  eleva- 
tions of  from  2  600  to  3  600  ft.,  large  areas  being  above  3  000  ft.  Ths 
streams  fall  rapidly,  from  their  sources,  and  emerge  into  the  valleys 
at  elevations  of  from  800  to  1 100  ft.  Theae  valleys  are  deep  and 
narrow,  and  the  elopes  rise  brokenly.     The  create  of  the  mountains 
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axe  Dftrrow  and  flat,  man;  of  them  being  euBoeptible  of  cnltivation; 
but,  BO  far,  tlie  steep  and  ragged  slopes  have  proved  to  be  etfeotnal 
barrierB  to  the  settlement  of  the  district,  except  brtbe  scattered  oabiDs 
«f  monntaiiieeis.  There  are  homes  in  these  monntaina  ^hioh  have 
been  occupied  for  generations,  with  no  wheeled  vehicle  ever  in  use 
nntil  roads  were  opened  hj  the  contractors  for  the  conetmotion  of  this 
railroad.  The  mountain  ranges  are  cnt  in  two  bj  occasional  streams, 
and  thna  all  possible  rentes  on  reasonable  gradients  are  well  defined. 

In  the  valley  district,  erosion  has  produced  a  series  of  long  ridges 
separated  b;  long,  parallel  and  narrow  valleys  which  follow  closely 
the  belts  of  rook.  Their  general  direction  is  northeast  and  southwest, 
thus  crossing  the  direction  of  the  line  of  survey,  which  lay  somewhat 
northwest  and  Bontheast.  The  surfaces  of  these  small  valleys  are  at 
elevations  of  from  800  to  1 100  ft.,  and  the  parallel  ridges  rise  from 
lOi)  to  500  ft.  above  them.  Some  few  of  these  ridges  are  out  in  two  by 
streams,  but  most  of  them  are  continnona  for  many  miles.  Copper 
Bidge,  on  the  south  side  of  the  Clinch,  which  ridge  is  responsible  for 
the  second  large  detour  to  the  westward  in  the  line  of  road  between 
Coal  Greek  and  Knoxville,  wae  such  a  continuous  ridge.  From  the 
point  where  the  road  cuts  through  it,  for  30  miles  to  the  northeast, 
there  ia  not  a  gap  in  which  the  crest  is  not  more  than  250  (t.  above 
Bull  Bun  Valley  on  the  north  side  of  it.  The  conditions  as  to  con- 
tiuaity  were  somewhat  similar  in  the  case  of  the  two  Black  Oak 
Bidges.  Thus  the  problem  of  getting  the  beat  location  was  a  more 
difficult  one  in  the  lees  rugged  country. 

Clear  Fork  River  cuts  through  Pine  Mountain  in  a  gorge  called 
"The  Narrows,"  ao  rugged  that  no  domestic  animal  had  ever 
traversed  it.  It  lay  across  the  straight  line  joining  Saxton  and  Knox- 
ville. The  stream,  Big  Creek,  cuts  through  Cumberland  Mountain  at 
Big  Creek  Oap,  which  lies  some  24  milea  from  Saiton  and  about  4  miles 
west  of  the  direct  route.  Further,  a  branch  line  of  road  had  been  con- 
structed through  this  gap  (ace  Fig.  2),  and  to  a  connection  with  the 
Southern  Railway  near  CareyviUe.  At  the  gap,  the  mining  town  of 
La  Follette,  with  limeatone  and  sandstone  qnturies.  coal  and  iron 
■nines,  coke  ovens,  a  furnace,  etc.,  had  sprung  up  and  in  three  years 
had  grown  from  a  village  of  leas  than  600  to  a  poptdation  of  more  than 
^  000.  Thus  these  two  water  gaps  were  objective  points.  In  fact,  the 
route  through  these  points  had  often  been  explored,  and  at  least  two 
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cnrefnl  satreje  had  been  made  on  it  dnring  the  tirent;  je&rs  or 
that  the  LonisTille  and  Nashville  Bailroad  had  had  under  conte 
tion  the  extension  of  their  Enoxville  Division  to  the  city  for  whii 
division  vas  named.  As  there  were  waterconrseB  leading  from  e 
these  pointe  toward  the  other,  the  choice  of  the  route  joining  the 
simplj  in  deciding  which  slope  of  tbe  narrow  vallejs  offered  th 
Bnpport  for  the  adopted  gradient.  Bnt  these  valleys  were  ao  toi 
and  narrow  that  in  a  distance  of  3  miles  on  one  of  them  it  was 
BtkTj,  even  when  nsing  10°  onrvee  with  300-ft.  minimnm  tangei 
bridge  the  watercourse  ten  times  and  nse  three  short  tnnnels. 

It  wan  plain,  from  tbe  conformation  of  the  country,  that 
would  be  long  ascents  and  descents  on  whatever  ruling  grad 
adopted.  The  chief  local  product  of  the  country  being  bitun 
coal,  in  great  quantity  and  of  good  quality,  the  market  for  which 
only  be  southward,  since  the  country  to  tbe  north  and  wei 
tributary  to  the  Pittsburg  coal  fields  and  that  to  the  east  to  tl 
ginia  coal  fields,  it  was  good  economy  to  spend  more  money  to  : 
light  grades  against  south-bound  trains  than  for  trains  in  the  op 
direction. 

Tbe  writer  decided  ou  58-ft.  compensated  grades  as  the  max 
bnt  an  economical  construction  required  the  introduction  of  i 
grade  on  the  long  descent  from  the  Cumberland- Clinch  divide 
Follette.  The  road  was  located  from  Saiton  to  this  divide  o 
rnling  grade,  with  an  inconsiderable  amount  of  adverse  gi 
miles  from  Saxton,  ata  point  where  its  introduction  was  compan 
harmless. 

An  adverse  grade  has  been  defined  as  a  grade  pitching 
opposite  direction  from  the  general  slope  of  the  country.  Of  c 
it  means  the  introduction  of  just  ao  much  rise  and  fall  which  co 
avoided. 

Tbe  line  from  IJa  Follette  to  Knoxville  had  not  been  reoonno 
It  seemed  possible  to  get  a  line  from  the  Cumberland-Clinch 
down  to  the  Clinch  without  adverse  grade;  but  from  the  Cli) 
Knoxville,  across  the  short  ridges  and  volleys,  it  seemed  that  th 
would  have  to  "rise  and  fall  with  the  coun 
pected  at  the  outset  that  the  condensed  proflli 
would  look  like  the  teeth  of  a  saw.     From  Li 
Tille,  tbe  narrow  and  tortuous  valley  of  Big  0: 
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most  available  ronte  Id  the  desired  direction;  bat  to  get  from  the 
Clinch,  at  the  month  of  Big  Creak,  acroas  to  KnoxTille  on  1\  grades 
was  ont  of  the  qnestion,  nnless  one  made  np  hia  mind  to  make  long 
tunnels  through  nearlj  oU  the  ridges  and  to  make  high  croaaingB  over 
the  narrow  Talleys.  The  difSoutties  and  expenae  were  ao  great  that 
tbis  route  was  never  comtemplaled  setiotialy. 

By  going  down  Big  Greek  from  La  Follette  to  theClinoh,  however, 
and  then  tnrning  down  the  Clinch  as  far  as  the  month  of  Bnll  Bon, 
below  Clinton,  and  b;  making  three  croBsiogs  of  the  Clinch,  a  roote 
was  possible,  leading  throtigh  Clinton,  a  town  of  1  200  people,  which 
gave  no  adverse  grade  from  La  Follette  to  Clinton  and  an  adverse 
grade  of  onlj  46  ft.,  vertical,  between  Clinton  and  Ball  Bun,  at  a  point 
about  4  miles  sonthwest  of  Clinton  where  it  was  necessarj  to  cnt 
aoroBB  oonntry,  leaving  the  river,  to  save  distance  and  excessive  car- 
vat  ure. 

The  absence  of  adverse  grade  was  considered  so  advantageouB  on 
this  route  that  a  careful  survey  was  made  over  all  the  difficult  portions 
of  it,  and  careful  estimates  were  made  of  the  value  of  its  advantage 
and  uoat  as  compared  with  the  route  adopted  finally;  but  the  absence 
of  adverse  grade  was  its  sole  recommendation.  There  were  maov 
serious  objections  to  it.  First,  to  follow  Big  Creek  Valley  below  La 
Follette  required  bad  alignment,  several  short  tunnels  and  expensive 
construction;  second,  the  three  croeaings  of  the  river  involved  ex- 
pensive bridging;  third,  the  distance  from  La  Follette  to  Clinton  wm 
greater  than  by  the  route  adopted  finally;  and,  fourth,  it  led  out  and 
away  from  the  ooal  fields,  and  through  a  country  from  which  the 
timber  had  already  been  stripped  and  from  which  little  development 
coald  be  expected. 

From  La  Follette  to  Clinton  the  route  adopted  originally  followed 
very  closely  the  line  described  previously  as  dividing  the  country  into 
diaaimilar  sections.  The  route  could  only  be  adopted  at  the  gacrifice 
of  introducing  a  considerable  amount  of  adverse  grade  at  four  different 
places  (see  Fig.  3  at  A,  S,  C,  and  D).  There  were  28  ft.,  vertical,  at 
A,  12  at  B,  40  at  C,  and  132  at  D.  But  the  hue  was  much. cheeper 
than  the  Big  Creek-Clinton  line,  afforded  much  better  alignment,  and, 
besides  following  the  edge  of  the  coal  fields,  passed  through  the  town 
of  Coal  Creek,  the  center  of  a  population  of  some  5  000  people,  where 
ooal  mining  had  been  carried  on  auocessfnlly  for  a  quarter  of  a  century- 
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Tfae  location  from  the  month  of  Ball  Bnu  to  Knoxville  mtrodaced 
more  diffioolt  problems  thsa  any  other  part  of  the  line;  and  the  writer 
belicvee  that  the  combination  of  conditions  which  enabled  this  line 
from  the  Clinch  to  Enoxville  to  be  laid  ont,  on  the  original  5S-ft. 
fp-ades,  without  one  foot  of  adverse  grade  and  without  a  tnnnel  or 
higb  valle;  crossing,  ia  nnique  and  nnnsnal  in  snch  rough  country. 
The  profile  of  the  Sonthem  Railway  line  from  Clinton  to  SnozTille 
{see  Fig.  3)  is  a  fair  repreeentation  of  the  necessary  line  that  goes 
planging  across  these  ridges.  An  old  locating  engineer,  of  the  Cin- 
■cinnati  Bonthem,  years  before,  made  a  location  smrey  from  Harriman 
to  KnoxTille  which  passed  through  the  same  gap  in  Copper  Bidge  as 
tbat  used  by  the  writer.  He  used  66-ft.  nnoompensated  grades,  and 
got  a  wonderful  amount  of  rise  and  fall  into  bis  line  between  Copper 
Bidge  and  EnoxTille,  about  180  ft.  of  it  being  between  Copper  Bidge 
anmniit  and  Beaver  Creek, 

At  the  crossingB  of  the  parallel  valleys  of  Bull  Bun  and  Beaver 
Creek  by  the  Sonthem  Railway  line,  the  latter  valley  is  the  higher  by 
some  140  ft. ;  and  the  writer  decided  to  out  through  Copper  Bidge, 
by  a  tunnel  if  necessary,  at  tfae  level  of  the  upper  valley,  to  save  all 
tmoeoessary  rise  and  fall.  It  was  found  on  eiamination  that  the 
two  valleys,  though  one  was  so  muob  higher  than  the  other,  had  - 
practically  the  same  rate  of  fall,  some  80  ft.  in  the  7  miles  below  the 
Southern  Railway  crossing,  so  that  tbe  point,  P  (see  Figs.  2  and  3),  in 
tbe  open  valley  of  Beaver  Creek,  was  140  ft.  above  the  country  at  the 
mouth  of  Bull  Run.  At  tfae  point,  P,  however,  where  the  stream 
tnrned  and  ran  directly  toward  tfae  only  available  gap  in  Copper 
Bidge,  the  valley  began  ,to  descend  much  more  rapidly  down  to  the 
level  of  tbe  Clinch.  It  was  just  possible,  on  tbe  original  1%  grade 
j(aee  Plate  III),  to  start  tbe  grade  at  the  mouth  of  Bull  Bun  and  make 
the  elevation  of  tfae  upper  valley  by  the  time  the  summit  of  tbe  ridge 
-was  reached  at  the  gap.  A  cut,  68  ft.  deep,  containing  186  000  en. 
yds.  of  clay,  cbert,  and  rock  excavation,  was  necessary  in  cutting 
through  the  ridge.  Supporting  ground  on  tbe  side  of  the  ridge 
was  (onsd  from  the  ridge  summit  to  tfae  point,  P,  for  a  level 
f^ade,  so  the  road  reached  P  without  any  unneoeasary  rise  and 
foil.  A  water  gap  in  the  desired  direction  led  through  Beaver 
Bidge.  This  gap  drained  a  portion  of  the  open  valley  (Hinee'a)  be- 
tween Beaver  Bidge  and  Black  Oak  Ridge  into  Beaver  Creek,  and  the 
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three  parallel  valleys  thne  made  a  b 
naed  to  snpport  the  gradient  from  the  Clino 
Black  Oak  Ridge  at  the  lowest  available  gap. 
excellent,  and  the  oonntry  easy  from  the  point, 
BUok  Oak  Bidge,  and  from  there  the  road  dee 
cotintrj  to  Enozville. 

There  were,  in  all,  five  well-eqnipped  engi 
Jellioo  and  Knozville,  and  the  chiefs  of  parti 
nse  as  light  grades  and  onrveB  ae  they  reai 
times. 

Jnst  here,  at  the  risk  of  reiterating  much  I 
written,  the  writer  wishes  to  emphasize  the  nece 
enrvejB  as  this: 

(1)  Of  not  using  at  anj  paint  anj  more  difBc 
stiffer  enirves  than  the  conntrr  actnallj  requires 

(2)  Of  completing  a  condensed  profile  of  the 
the  snrveTS  are  eonneeted  thronghont; 

(H)  Of  oomfwnsating  for  ciirvBtnre  the  pie'v 
less  rate  than  the  maximum;  and 

(1)  Of  making  a  diligent  study  of  the  whole  ei 
selecting  a  route  with  a  minimum  of  adverse  gri 

Some  of  the  locating  engineers  were  sent  1 
several  times  to  see  if  they  eonid  not  get  ti 
grades  and  corves,  even  though  the  grades  and 
had  been  less  than  the  maximum,  aad  more  thi 
very  material  reductions  in  the  grades  which  h 
as  in  the  degree  of  oTirve,  without  increasing 
materially. 

When  the  condensed  profile  was  made,  afte 
up,  it  was  shown  that  there  were  only  three  poii 
necessary  to  use  53-ft.  grades  against  south-bi 
ascent  to  the  Onmberl  and 'Clinch  divide,  8  miles 
to  Block  Oak  Ridge  No.  2,  21  miles  in  length,  ai 
pel  Ridge  summit,  3  miles  in  length.  Up  to 
pletion  of  this  condensed  profile,  none  of  the 
road  had  hoped  to  get  any  better  ruling  grades 
than  1%  compensated.  When  the  writer  deoid 
1%  grades,   the  consulting  engineer  of  the  tt 
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joif  can  make  it  from  Ls  Follette  to  Enoiville  on  one-foot  grades 
jon  will  be  doing  might;  well."  No  other  road  crossing  these  monn- 
tains  aoTwhere  in  this  section  of  conntr?  had  secured  anything 
like  sooh  a  tsvorable  gradient  tu»  this.  Lines  crossing  these  motm- 
tftins,  aa  far  sonth  as  Birmingham,  where  the  elevation  of  the  Appa- 
lachian province  ia  so  maoh  less,  stioh  as  the  Oeorgia  Pacific  line  of 
the  Southern  Railway  from  Birmingham  to  Atlanta;  and  the  Central 
of  Oeorgia,  Birmingham  to  Opelika,  built  in  the  Eighties,  bad  used 
66- ft.  grades. 

Exoept  the  three  long  grades  mentioned,  tfae  heaviest  sonth-bonnd 
grade  was  0.65^;  and  the  advisability  of  reducing  these  three  68-ft. 
grades  to  34-ft.  grades  was  at  once  suggested.  What  was  the  reduction 
worth  and  what  wonld  it  cost? 

The  Cott  <f  the  Change.— IX  was  plainly  out  of  the  question  to 
reduce  the  ascent  to  the  Cumberland-Clinch  divide  to  this  gradient. 
It  was  too  long,  and  involved  coDStrnction  which  was  too  expensive. 
If  the  road  was  to  be  operated  on  the  lower  grade,  it  was  plain  that  a 
helper  engine  itinst  be  nsed  on  this  grade,  and,  therefore,  the  cost  of 
maintaining  a.  helper  engine  would  be  a  legitimate  chaise  against  the 
change  to  84-ft.  grades.  Ansaming  that  the  traffic  wonld  be  propor- 
tioned as  below,  and  that  the  schedule  could  be  arranged  so  that  one 
engine  crew  could  do  the  helper  service,  the  annnal  cost  of  this  service 
wonld  be  about  as  follows; 

Interest  on  914  000.  cost  of  helper  engine,  at  ^% S660 

Twelve  months'  wages  of  crew,  at  $312 3  744 

82  544  engine-miles,  at  a  cost  of  17.3  oents  per  mile, 
for  repairs,  fuel,  water,  stores  and  roundhonse- 

men 5  630 

C!oBt  of  32  K44  engine-miles  to  maintenance  of  way 

and    structures,    at    {^\%   of    -?1^)=   12 

cents. 3  906 

Total  annual  cost  of  helper-engine  service S13  839 

In  the  foregoing  estimate,  the  cost  of  engine  repairs,  fuel,  etc.,  is 
taken  from  the  report  of  the  Pennsylvania  Railroad  Company  for 
1902.  It  is  assumed  that  the  engine  does  half  as  much  damage  to  the 
tra«k  as  the  train,  the  cost  per  train-mile  being  ^1.08  and  the  cost  to 
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maintenance  of  w&j  luid  atraetnrea  being  22}^  per  train-mile.  We 
aBBnme  tonr  ronnd  trips  of  24  milee  each  per  daj,  from  tlie  head  ol 
the  Nanvwe  to  the  end  of  the  aiding  sonth  of  the'divide,  half  the 
trains  not  rnnDing  on  Sooday. 

Then,  if  the  road's  capital  oonld  be  acqnired  at  4^  intereet,  the 
cost  of  eBtablisbiug  and  maintaining  the  helper  serrioe  would  be 

It  was  easily  asoertained  that  bj  making  a  700-ft.  tunnel  at  Black 
Oak  Ridge  No.  2  the  grade  there  oonld  be  rednced  to  3i  f t.  withoat 
lengthening  the  line  and  withoat  anj  more  expensive  oonstmctioo, 
except  the  cost  of  the  700-ft.  tnnnel;  and,  farther,  the  tunnel  vonld 
BaT6  60  ft.,  vertical,  of  the  adverse  grade. 

Plate  III  is  a  map  and  profile  ot  the  old  and  new  Hue  at  Copper 
Bidge.  Bj  dropping  the  grade  line  aboat  50  ft,  at  the  summit  and 
making  a  2  170-ft.  tunnel,  and  b;  taking  advantage  of  the  sharp  fall  in 
Beaver  Creek  Valley  from  the  point,  P,  toward  the  gap,  the  M-fi 
grade  could  be  used  even  here  without  lengthening  tbe  line  and 
withoat  increasing  the  cost,  except  by  a  portion  of  the  cost  of  the 
construction  of  the  tunnel.  In  fact,  the  lighter  grade  threw  the  line 
off  from  the  upper  otiffs  of  the  ridge  in  certain  places  down  on  to  tbe 
talus  slope  on  smoother  ground,  with  the  result  that  a  very  mneh 
belter  line,  both  in  alignment  and  first  coot  (except  for  tbe  tunnel), 
was  obtained.  In  the  revision  surveys  here  a  maximum  cnrvatnre 
of  6"  was  substituted  for  10  degrees.  This  change  bad  tbe  ^Beei  ot 
placing  the  tunnel  of  the  summit  of  the  lidge  on  the  grade  up  to 
Beaver  Creek  Valley,  and  there  was  elevation  enough  to  spare  to 
permit  of  dropping  the  grade  to  23  ft.  per  mile  through  the  tunnel, 
thus  oompensating  for  wet  rails  by  more  than  0.2  per  cent.  Thne 
the  cost  of  the  change  at  these  two  points  was  not  in  excess  of  tba 
cost  of  the  other  line  by  anything  like  the  full  cost  of  the  tonnets. 
The  construction  contracts  which  had  been  made  would  warrant  the 
belief  that  the  tunnels  could  be  constructed  at  a  much  lower  figure, 
but,  inasmuch  as  these  tunnels  had  to  be  constructed  in  part  through 
very  treacherous  clays,  it  will  be  suppoeed  that  they  would  cost  |iW 
per  linear  foot.  Not  considering  the  60  ft.  of  adverse  grade  saved  st 
Black  Uak  Ridge  No.  2,  the  additional  cost  of  the  two  tunnels  would 
be  about  as  follows: 
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700-ft.  tunnel  >t  Blftck  Oak  Bidge  No.  2,  at  S90 S68  OCX 

2  170-fl  tnonel  at  Copper  Bidge,  at  190 196  30( 

Total »258  3« 

Lees  cost  of  enmmit  cut  at  Copper  Bidge: 

93  OOO  ou.  yda. ,  earth  ezca<ratioD,  at  20  cents .  Sl8  600 
49  000  ou.  yds.,  chert  excavation,  at 28  cents.  13  720 
44  000  on.  vde.,  rock  excavatioD,  at  70  cents.     80  800 

63  IM 

Additional  coet  of  tnnnels 9196  18( 

The  approaches  to  the  tunnel  at  Black  Oak  Bidge  No.  2  wen 
T&tj  nearlj  ae  coatly  aa  the  original  Biunmit  cnt.  There  was  aootbei 
expense  nhioh  oonstitnted  a  legitimate  charge  against  the  oonBtmc 
tion  of  the  tunnels.  Up  to  the  time  of  the  contemplated  change,  th< 
longest  tunnel  ou  the  road  vas  in  the  mountain  district,  in  gooi 
material,  and  was  less  than  900  ft.  long.  It  was  certain  that  th( 
oonatruction  of  these  tnanela  would  take  mnch  longer  than  the  t» 
maiuder  of  the  road;  therefore,  the  interest  on  the  monej  invested 
in  construction,  including  the  cost  of  the  valnable  property  puT' 
chased  in  Enozville  for  terminals,  from  the  time  that  the  other  work 
oould  be  completed  until  the  tuunela  could  be  completed,  oonstitutec 
a  proper  charge  against  the  proposed  change.  Taking  the  amounl 
expended  in  other  construction,  etc.,  as  S3  500  000,  with  interest  al 
i%,  and  supposing  that  the  tunnels  delayed  the  opening  of  the  road 
for  traffic  one  year;  then  the  total  coet  of  changing  to  the  ligfatei 
grade  for  south-bound  trains  would  be  as  follows; 

Estalilishing  helper-engine  service  on  the  Cumberland- 
Clinch  Divide 8345  971 

Additional  coustruotion  cost  of  two  tunnels 196  18C 

Interest  on  f3  600  000  for  one  year  at  i%,  on  account  of 

delay 140  OOC 

Total  cost  of  change  to  lower  grade 9681 15£ 

The  Value  of  Qie  Change. — The  value  of  such  changes  is  difficult  tc 
estimate  with  accuracy,  even  on  an  operated  road  on  which  the  traffic 
is  known.  It  was  reasonably  certain  (that  the  road  wonld  not  be  in 
operation  many  years,  if  operated  on  &3-ft.  grades,  before  as  many  af 
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ten  ttaiuB  per  Ahj  each  t&j  would  be  required  to  do  its  bnsineag. 
Coneidering  the  traffic  the  road  nonld  have,  probablj  six  of  these 
trains  sonth-bonnd  would  be  fully  loaded.  Fonr  folly  loaded  trains 
per  day,  on  a  84-ft.  mltDig  grade,  coold  just  about  do  the  wetk  of  six 
fully  loaded  trains  per  day,  on  53-ft.  grades,  using  engines  and  oars  of 
the  same  olasfl.  Since  the  north-bonnd  traffic  would  include  a  luge 
quota  of  empty  coal  cars,  and  since  the  same  engine  that  pulled,  say, 
twenty-thtee  loaded  40-ton  cars  southward  against  the  34-ft.  grades 
could  pnll  forty-nine  empties  back  against  the  63-ft.  grades  8S  fat  as 
La  FoUette  and  forty-four  empties  back,  even  against  the  6X-lt. 
grade,  it  was  probable  that  eight  trains  pei  day  each  way  oo  the  lesser 
grade  would  do  the  work  of  teu  trains  per  day  each  way  on  the  higher 
grade.  Operating  expenses  vary  directly  as  the  train  milet^e,  and  the 
cost  per  train-mile  on  the  Louisville  and  NashTille  for  the  year  ending 
June  30th,  1902,  is  given  in  "Statistics  of  Railways"  by  the  Inter- 
state Commerce  Commission  as  {1,08.  However,  it  is  a  fact  that  the 
operation  of  snch  heavy  trains  as  these  costs  more  than  the  general 
average  on  m  large  system.  The  cost  per  train-mile  on  theDulutbaad 
Iron  Range  and  the  Dulutb,  Sfesaba  and  Northern,  two  roads  engaged 
almost  exclusively  in  traffic  similar  to  that  which  tbeee  omitted 
trains  would  represent,  is  given,  by  the  same  authority  for  the  same 
year,  as  81.94  and  #2.61,  respectively.  Probably  it  would  be  sate  to 
estimate  the  train-miles  saved  at  S1.60,  but  the  more  oonservative 
figure  will  be  takeu.  Suppose  that  half  these  trains  run  on  Sunday. 
Then  the  annual  saving  from  Saxton  to  Knoxville 
would  be  S1.08  x  4  x  79  x  339  ^  S116  000,  nearly, 
and  the  value  of  this  annual  saving  in  operation, 

with  interest  at  4%,  would  be 52  900  000 

The  cost  of  the  change,  as  above 681 156 

The  amount  gained  by  the  change. 32  21SS45 

However,  since  helper-engine  service  oonld  be  established  sod 
maintained  also  at  Black  Oak  and  Copper  Ridges,  at  a  probable  coet 
o!  S227  000  at  each  place,  the  engine  mileage  at  either  point  not  being 
more  than  half  of  that  at  the  Cnmberland-Glinoh  divide,  the  utmost 
amount  it  would  have  been  eoonomical  to  spend  on  the  change  st 
these  two  points  was  about  8464  000.     Thus  it  was  more  eoonomic*! 
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to  build  iLe  taanele  b;^  tha  amonnt  of  $464  000  lees  (196  160  + 140  000, 
or  $118  820.  Ab  soon  u  the  Praoident  of  the  Lonisrille  And  NashTille 
Bailroad  nnderetood  the  matter  fnllj  he  authorized  the  ohang«,  with- 
out hasitation. 

When  the  order  wae  made  to  reduce  the  aonth-bonnd  grades  to  M 
ft.,  there  were  some  long  minor  gradae  on  which  the  onrvatnre  had 
not  been  compensated,  so  that  the  total  resistance  was  above  that  of 
the  new  mling  grade.  As  the  constmction  had  barelj  b^nn  on  most 
of  the  line,  the  corrections  were  inespeneiTe;  but,  if  the  road  had 
alteadj  been  in  operation,  the  f&ilnre  to  compensate  tha  prevailing 
minor  grades  wonld  probably  have  resulted  in  the  adoption  of  a  higher 
ruling  grade  than  that  which  was  applicable  to  the  conntry.  Even  if 
the  heaviest  grades  had  not  been  reduced  at  the  time,  with  the  prob- 
able heavy  traffic  in  prospect,  it  was  almost  certain  that  sooner  or 
later  the  heaviest  grades  would  have  been  reduced  or  operated  bj 
helper  engines,  so  that  it  is  clear  that  the  heavier  minor  grades  shonld 
have  been  compensated  at  the  outset. 

It  was  also  now  contemplated  to  reduce  the  south^bonnd  grades 
back  on  the  operated  road,  between  Soxton  and  Gorbin,  and  also  on 
the  Atlanta,  Enoxville  and  Northern  for  some  distance  below  Knox- 
ville,  to  the  same  rate.  Thus  the  plan  became  a  part  of  a  more  com- 
prehensive scheme. 

Now,  it  is  true  that,  under  ordinary  oonditions,  if  the  road  were 
laid  out  contemplating  the  use  of  s  helper  at  any  point,  this  adopted 
ratio  of  1^  and  0.65^  'o'  the  helper  grade  to  the  ordinary  is  uneco- 
nomical; but,  if  the  helper  engine  is  to  be  of  the  same  class  as  the 
regnlor  engine,  the  helper  grade,  ordinarily,  could  be  as  heavy  as 
1.45^,  if  the  grade  for  the  regular  engine  was  0.65%.  But  there  were 
very  good  reasons  why  this  1%  grade  against  south-bound  trains  was 
not  altered: 

(1)  The  contract  for  the  construction  of  the  road  through  the 
mountain  district  had  been  let  for  some  months,  and  the  work  was 
well  underway  before  this  change  to  34-ft.  grades  was  contemplated. 

(2)  The  1.4^  grade  wonld  not  have  shortened  the  line  at  all,  and 
the  volley  into  which  that  grade  wonld  necessarily  have  descended 
was  so  narrow  and  rugged  that  there  would  have  been  little  saving 
over  the  1%  grade. 

(3)  On  account  of  the  peculiu  conditions  under  which  the  road 
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itMj  he  opented,  it  wu  in  no  i 
1  be  need  as  a  helper  grade.  Ba 
on  was  carried  back  or  forward  o 
a  complete  freight  diTision,  ther 
1  not  require  the  service  of  the  h 
y  wonld  on  a  IA%  grade, 
er  does  not  pretend  that  these 
lonth-boond,  and  &8  ft.  and  i 
and  adjnsted  aconratelj  to  the  n 
•le  fntnre  traffic  waa  aonsidered, 
y  the  best  that  the  country  a 
I  of  from  S40  000  to  $60  000  pei 
em  being  fixed  by  long,  oonti 
J17  one  of  which  tor  the  better  c 
I  not  warranted  by  the  anticipate 
apposition  that  the  plan  of  redut 

road  was  not  carried  ont,  the 

these  grades,  without  neing  a 
ighlj  as  follows: 
jrtain  at  the  outset  that  a  spur 
ud  of  the  Narrows  to  the  excellei 

Clear  Fork  and  laurel  Fork  Vail 
line  wonld  branch  off  in  the  nei 
ds  in  the  vicinity  of  Oliver  Bprii 
IS  ont  of  Knoxville  would  set  off 
re  lightened  sufficiently  to  pull  n 
Me.  Ooiug  south,  trains  wonl< 
ih  only  such  loads  as  they  could  ] 
pick  np  enough  loads  at  La  Foll< 

load  them  fully  into  EuoiTille. 
er  has  been  so  impressed  with 
in  his  practice  in  which  engineei 
onrth  principle,  mentioned  on  ] 
ustrating  bow  some  expensive  a 
ided,  wilt  be  cited, 
'ey  for  this  road  was  commenced 
tte,  at  the  station  of  the  Tennc 
hward.    The  idea  in  mind  was  U 
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Northera  through  the  tovn  (see  Fig.  4),  and  to  aae  the  station,  already 
built,  for  both  roads.  The  same  parties  controlled  the  Tennessee 
Northern,  all  industries,  and  most  of  the  land  near  La  Follette,  and 
it  was  considered  by  them  of  very  great  importance  to  their  plan  of 
development  that,  throagh  the  town,  the  old  road  shonld  be  paral- 
leled by  the  new.  The  ej-mile,  61-ft.  grade,  from  the  Cnmberland- 
Clinch  divide  did  not  "touch  bottom"  until  just  before  the  station 
was  reached.  The  profile  abowa  "the  hole"  in  which  tbe  station 
would  have  bees  if  tbe  original  location  had  been  retained.  It  hap- 
pened that  it  was  some  months  after  the  original  line  from  La  Fol- 
lette northward  was  run  before  tbe  writer  sent  an  engineer  to  La 
Follette  to  begin  the  survey  for  the  extension  of  the  line  toward  Kuoi- 
vilte,  and  the  idea  that  the  location  of  the  road  throagh  the  town  wu 
fixed  as  above  had  pretty  well  crystallized  in  the  minds  of  all  con- 
cerned. Thia  engineer's  instructions  were  to  start  at  the  summit 
south  of  La  Follette  (at  Station  410,  which  was  an  objective  point) 
with  the  grade  elevation  of  the  Tennesaee  Northern  in  the  summit, 
and  And  supporting  ground  back  through  the  town  for  a  level  grade, 
extending  it  back  into  the  gap  to  an  intersection  with  the  long  61-ft. 
grade.  Tbe  map  and  profile  show  tbe  line  that  was  secured.  It  was 
about  as  cheap  to  construct  aa  tbe  other,  gave  lees  curvature,  and 
was  soDie  700  ft.  shorter.  It  placed  the  station  about  300  yds.  further 
from  tbe  center  of  the  town  than  the  other  station  would  have  been, 
but  good  connection  with  tbe  tracks  leading  to  all  the  La  Follette 
industries  could  be  had  at  tbe  summit  mentioned  and  at  tbe  point,  F. 
This  point  was  just  south  of  the  intersection  of  all  tracks  on  the  Ten- 
nessee Northern  leading  to  all  the  coke  ovens  and  coal  mines,  and 
was  jnst  north  of  all  tracks  leading  to  the  tbree  crushers,  briok-jarde 
and  famace;  and  the  only  land  available  for  yards  for  the  new  road, 
in  the  vicinity,  was  at  and  near  this  summit  at  Station  410. 

There  was  vigorous  opposition  to  the  new  location  through  the 
town,  however,  but  tbe  common-sense  view  of  tbe  matter  prevailed  in 
tbe  end,  and  the  road  was  bnilt,  as  it  should  have  been,  on  tbe  nppH 
grade  line. 

Tbe  comparative  advantage  in  operation  of  this  upper  line  was  so 
palpable  that  it  was  never  attempted  to  calculate  bow  much  more 
economical  it  was  than  the  other  line.  To  have  put  the  station  foi 
this  important  town  in  such  a  place  as  was  contemplated  with  43  ft., 
vertical,  of  unnecessary  maximum  grade  immediately  on  each  aide  of 
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it,  would  have  been  bad  engioeering,  even  if  the  traffic  from  this  point 
alone  was  to  be  considered;  bnt  to  put  a  station  on  a  through  line  in 
aneh  a  place,  at  which  all  heavy  trains  would  probably  have  to  stop, 
when  it  could  be  avoided  at  any  reasonable  outlay,  woald  have  been 
the  height  of  folly. 

After  all  the  contracts  for  the  construotion  of  the  main  line  and 
the  Clear  Fork  Branch  were  let,  it  was  found  that  it  required  very  ei- 
pensive  eonstrnction  to  connect  the  Oliver  Springs  line,  either  at 
Lee'a  Ford  or  jnst  on  the  north  side  of  the  Clinch,  2  milee  below 
Clinton,  which  were  regarded  as  the  only  available  points.  The  pro- 
posed routes  united  near  Doeset.  To  reach  Doaset  from  Lee's  Ford 
required  3  miles  of  road,  a  bridge  over  tbe  CliDcb,  and  a  tunnel 
through  Black  Oak  Bidge  No.  2.  To  roach  Doseet  from  the  aecond 
point  required  6  miles  of  very  heavy  work  and  a  tunnel  tfarongh  the 
BHme  ridge.  Either  plan  of  bnilding  the  branch  line  then  woold 
necessitate  tunneling  this  ridge  twice,  once  for  the  main  line  north  of 
Clinton  and  once  for  the  branch  line  southwest  of  Clinton.  Since  it 
was  a  fixed  fact  that  tbe  branch  line  would  be  constrncted,  it  was  sug- 
gested that  it  might  be  better  to  turn  the  main  line  southwest  at  a 
point  3  miles  south  of  Coal  Creek,  take  it  through  Dosset  and  make 
the  point  of  junction  for  the  branch  line  at  Dosset.  This  plan  would 
save  the  construction  of  one  tunnel,  and  either  one  bridge  over  tbe 
Clinch  and  the  construotion  and  operation  of  3  miles  of  road  or  the 
coDstmotion  and  operation  of  5  miles  of  road.  Bnt  it  would  misB  the 
town  of  Clinton.  Examination  showed  that,  when  the  construction  of 
both  the  main  line  and  the  branch  line  was  considered  as  a  whole,  the 
proposed  change  was  advantageous  in  point  of  alignment,  distance, 
and  economy.  The  gradients  of  the  main  line  were  not  benefited 
uiaterially  by  the  change,  bnt  those  of  the  branch  line  were  benefited 
very  much.  To  tunnel  the  ridge  on  the  branch  line,  with  the  gra- 
dients adopted  for  it,  would  have  required  2  600  ft.  of  tnunel,  but  the 
gradients  now  decided  upon  for  the  main  line  required  3  520  ft.  of 
tunnel.  Thus,  by  saving  the  700-ft .  tunnel  and  the  2  600-ft.  tunnel, 
and  making  the  3  520-ft.  tnnnel,  there  was  320  ft.  more  of  tunnel  to 
construct,  but  the  cost  of  the  expensive  approaches  to  one  of  the 
tunnels  was  saved. 

The  town  of  Clinton  was  already  well  provided  with  railway 
facilities,  and  it  had  not  the  population  nor  any  industry  to  give  it 
clum  for  consideration  against  such  advantages.     The  lost  cenena 
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showed  tbat  it  vaa  decreasing  in  populatioo.  Xhetefoie  the  line  was 
changed  to  pass  through  Doeset;  and  the  farther  advantage  wm 
secured  that,  against  soDth-bonnd  trains,  the  two  principal  branch 
lines  have  the  same  limiting  gradients  as  the  main  line.  Thus  the 
road  IB  laid  out  somewhat  on  the  same  principle  as  that  b;  which  a 
stream  departs  from  its  direct  course  to  meet  its  principal  tributaries. 

Tbe  road,  as  located  flnallj,  is  7».B  miles  in  length,  from  Saxton  to 
Asylum  Street  in  Enozville,  making  the  length  of  road  exceed  the 
straight  line  distance  55%,  instead  of  'Si%,  as  by  tbe  KnosTille  aoil 
Ohio  Braneb  of  the  Southern  between  the  same  points. 

The  roughest  country  encountered  was  from  the  head  of  the  Nar- 
rows to  the  C a mberland- Clinch  Divide,  and  here  1(F  cnrree  were  nsed. 
Quite  expensive  constmction  was  necessary  on  the  south  side  of  this 
divide  as  far  as  La  FoIIette,  and  here  a  maximum  of  8°  carves  was 
used.  Bough  country  was  also  encountered  in  the  6  miles  north  of 
Goal  Creek,  and  on  tbe  ascent  through  Copper  Ridge.  The  sharpest 
curves  used  at  the  last  two  points  were  C°;  the  remainder  of  the  road 
was  located  on  light  curves,  so  tbat  the  points  where  curvature  would 
reduce  high  speeds  materially  were  bunched.  From  Saxtou  to  La  FoI- 
Iette there  are  ninety-two  curves,  the  total  angle  tnrned  being  3  717°, 
or  115°  of  curvature  per  mile.  From  LaFollette  to  Enoxville  there  are 
one  hundred  and  nineteen  curves,  with  a  total  central  angle  of  3  692°. 
or  69^  of  curvature  per  mile.  The  minimum  tangent  was  300  ft.,  and 
all  curves  above  2^  were  spiraled.  The  Holbrook  spiral,  with  three 
ilifferent  rates  of  spiraling,  was  used.  For  curves  under  6°,  a  spiral  in- 
creasing 1°  in  60  ft.  was  used  (called  a  60-ft.  spiral).  For  curves  above 
5°  aud  under  1°,  a  30-ft.  spiral  was  used,  and  for  curves  of  from  T  to 
10^,  a  21-ft.  spiral  was  used.  It  will  be  noticed  that  the  rate  of  spiral- 
ing  is  changed  sharply  in  passing  from  curves  of  about  4°  to  those  of 
lesser  radius.  The  reason  for  this  was  that  curvesof  i°  aud  less,  with 
6'>ft.  spirals,  were  intended  to  be  used  in  open  country,  and  the  cnrvee 
of  higher  degree,  with  the  30-ft.  spirals  or  less,  were  intended  to  be  used 
only  ia  country  where  it  was  necessary  to  use  curvature  of  such  high 
degree  as  would  necessarily  limit  tbe  spieed  of  fast  trains.  The  cnrves 
were  located  originally  without  spirals,  but  the  resident  engineers  pat 
in  the  spirals  just  before  staking  out  the  work,  so  that  the  road  was 
constructed  on  tbe  spiraled  alignment.  It  will  be  noticed  tbat  these 
spirals  would  all  fit  in,  usually  with  some  distance  to  spare,  on  the 
300-ft.  tangents. 


b/Googlc 


Papew.]  EAILKOAD   LOCATION.  147 

The  grade  breaks  were  ronnded  off  b;  vertical  parabolic  corvee, 
ohaogiDg  the  rate  of  grade  0.2  ft.  per  100-ft.  Btation  at  snmmitB,  and 
0.1  ft.  per  100-ft.  BtatioD  in  saga. 

On  the  final  location  adopted,  tfaete  were  seven  tunnels,  in  the  79 
miles  of  road,  aggregating  nearly  10  000  ft.  in  length.  One  of  theae 
tunnels  in  the  moniitain  district  was  located  partly  on  a  10°  curve,  so 
that  the  spiral  approach  carve,  with  its  varying  enrvatnre  and  rail 
Bnperelevation,  came  within  the  tnnnel.  The  rule  used  for  increasing 
the  tunnel  section,  so  as  to  give  at  every  point  praotically  the  same 
clearance  as  on  tangents,  for  an  80-ft.  Pallman  or  dining  car,  was: 

'*  Widen  the  tangent  section  )J  in.  per  degree,  both  on  the  inside 
and  on  the  outside  of  the  carve.  In  addition,  widen  the  section  on 
the  inside  of  the  carve  2H  ins.  per  each  inch  of  superelevation." 

This  particular  tnnnel  was  in  hard  sandstone  not  requiring  lining. 
The  tangent  section  was  rectangnlar  from  subgrade  to  17  (t.  above 
(16x17),  with  curves  of  6-ft.  radius  in  the  upper  comers.  The  rale 
gives  a  slight  eicess  of  clearance  on  the  ontside  of  the  curve,  which, 
to  some  extent,  allows  for  the  compression  and  swing  on  the  oar 
springB. 

At  the  time  of  writing  this  paper  (December,  1903),  practically  all 
the  grading,  except  that  in  the  Enoiville  yards,  is  completed.  Sev- 
eral of  the  tounels  are  completed,  but  the  3  520-ft.  tnnnel  at  Dosset 
cannot  be  completed,  probably,  before  some  time  in  the  summer  of 
1904.  The  main  line  is  being  bnilt  with  permanent  stmctures,  no 
timber  bridges  or  bridge  supports  being  used,  except  four  wooden 
treaties  which  are  to  be  filled  in,  eventually,  with  steam  shovel  and 

Of  openings  oa  the  main  line,  there  are  eleven  concrete  and  atone 
maaonry  arches  of  from  12  to  26  ft.  span.  There  are  thirty  steel 
bridges,  on  masonry  piors  and  abutments,  and  two  viaducts  of  1  420  ft., 
total  length.  These  steel  bridges  consist  of  three  through  apana,  one 
of  160  ft.  and  two  of  200  ft.,  and  eiity-seven  plate  girdera  of  the  fol- 
lowing kinds,  writing  their  lengths  to  the  neareat  5  ft. :  One  40-ft. 
through,  one  45-ft.  throngh,  one  80-ft.  throngh,  and  one  45-ft.  double- 
tiack  deck ;  and  single-track  deck  girders  of  the  following  lengths  and 
number;  Two  14-ft.,  six  30-ft.,  aix  40-ft.,  eleven  45-ft.,  one  oO-ft.,  nine 
60-ft..  twenty-one  70-ft.,  one  90ft.,  and  one  120-ft.  In  theae  atrueturea 
there  are  48  629  cu.  yds.  of  first-  and  second-  class  bridge  and  arch 
masonry.    In  addition,  there  are  87  248  cu.  yds.  of  culvert  n 
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The  total  coet  of  ooDstmction  of  the  main 
«Kcliisive  of  rolllag  etock  and  eqnipmeot, 
46  450  000,  or  a  little  in  excess  of  S6d  000  pei 
Oliver  Spriogs  Branch  is  estimated  to  be  K 
Fork  Branch  ¥93  000. 

Aswill  be  inferred  from  the  foregoingdiscn: 
Toad,  far  more  veight  was  giveD  to  gradient  a 
than  to  onrvatnre  and  distance.  If  eoonom] 
vise  proportional  to  the  smoothness  of  the  gi 
allj  located  rood,  oonsidering  the  conntr;. 
grade  smoothness  for  such  a  purpose,  the  si 
shonld  be  taken  to  varj  inverselj  as  the  tot 
oal,  ascended  and  desoended  on  maximnni,  ( 
grades;  bat,  taking  the  smoothness  to  var;< 
number  of  feet  ascended  and  descended,  somt 
maj  be  shown. 

From  the  crossing  of  the  Clinch,  at  Glint 
Enoxville  and  Ohio  Branch  of  the  Sonthem, 
And  the  total  fall  601  ft.,  or  a  total  average  ri 
■59.2  ft.  From  the  crossing  of  the  Clinch,  on 
there  are  290  ft.  of  rise  and  264  ft.  of  fait,  mi 
and  fall  per  mile  of  21.5  ft.  Measared  as  al 
this  new  line  exceeds  the  smoothness  of  tb 
■country,  bj- 173  per  cent. 

In  this  respect,  the  smoothneas  of  this  r 
with  the  smoothness  of  some  prairie  roads, 
and  fall  per  mile  from  Saxton  to  Enoxville  i 
total  rise  and  fall  pet  mile  of  one  of  the  prin. 
Oity  to  Chicago,  for  the  first  100  miles  out  of 
MisBoui'i  prairies,  is  37.2  ft.  per  mile.  Thus,  i 
nesa  by  this  standard,  the  smoothness  of  this 
the  direction  of  the  prevailing  ridges  and  ran 
ness  of  this  prairie  road  by  42  per  cent. 
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iRViiia  P.  Church,  Assoc.  Am.  800.  C.  E.  (by  letter).— The  writer  Mr.  Church. 
will  coQ&ie  hie  diBcuseion  (except  as  below)  to  the  first  few  paf^es  of 
tbe  paper,  involving  a  demonstration  ot  the  stresses  in  the  ordinsry 
spherical  dome;  which  is  nnderstood  to  be  homogeneone,  of  uniform 
small  thickness,  and  composed  of  small  blocks  or  vonssoirs  the  surfaces 
of  contact  of  which  ate  vertical  meridian  planeson  the  sides,  and  conical 
beds  at  the  top  and  bottom,  each  such  conical  surface  being  part  ot  the 
snrface  of  a  right  cone  having  a  vertical  axis  and  its  vertex  at  the  center 
of  the  sphere.  Since  these  bearing  surfaces  are  assumed  to  be  smooth, 
the  stress,  if  compressive,  is  at  right  angles  to  the  surface;  while,  if 
the  stress  is  tensile  (as  may  occur  on  tbe  sides),  it  will  he  supposed 
that  a  horizontal  ring  of  blocks  is  continnons  in  substance,  bo  as  to 
keep  its  form  and  position. 

While  the  final  general  results,  stated  in  Equation  21,  for  the  case 


•  This  discuMlon  (0 
dfnfff  tor  December 

y  be  brought  befon. 

CommuulcBUoiig  oo  this  subject  received  prior  to  Uarch  Kth,  IBM,  will  be  pub- 


*  This  (Uscuralon  (of  the  paper  by  E.idchiiiitt.Aii8oc.  U.  Ai 
cadiimttOT  December.  lOOS).  la  printed  In  Fraetedinya  In  ordi 
may  be  brought  before  all  tnembera  (or  furtber  dlscuBsloD. 
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DISCUSSION  ON  SPHBSICAL  AND  FBAUED  DOHSS. 


r.  Cburcb.  of  the  open  dome  (and  this  includes  all  the  other  cases),  are 
the  manner  of  demonstration,  in  the  writer's  opinion,  is  ex 
obscure  and  elusive.  The  flret  obsctiritj  oucura  in  Case  II  < 
1101.*'  Here  the  author  states:  "At  the  base  of  an;  dome,  ti 
oipal  streesee  exist,  and  must  balance  each  other."  This  m 
taken  as  the  common  loose  way  of  saying  "certain  forces 
each  other,"  when  whatisreallj  meant  is  that  a  certain  bodj 
the  action  of  a  certain  set  of  forces,  is  in  equilibrium,  or  "  bal 
under  those  forces;  bnt,  at  the  foot  of  the  page  it  is  plainly 
that  these  "principal  stresses,"  per  unit  length  of  their  respect 


Fia.  39 

or  anrfaoes,  are  assumed  equal  to  each  other.  T 
Bcribe,  nor  represent  by  diagram,  any  special 
which  both  these  forces  act,  so  as  to  prove  theit 
of  mechanics,  but,  apparently,  makes  the  asa 
without  adequate  reason;  that  is,  that  A  =  B. 
meridional  thrust.  A,  per  unit  length  of  horizoi 
equal  to  —^  ap,  is  sound;  but  that  £  should  be 

pear  to  be  pure  assumption,  no  valid  reason  beii 
writer  is  able  to  discover.     The  obscurity  is  dec 


*  Proeeeaino$,  Am.  Boc.  C 
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ment  that  B  is  the  force  "  per  onit  length  of  oircmnfereDce  and  for  Mr.  church. 
one  unit  length  along  the  meridian."  U  B  \&  the  "  horizontal  ring 
stress  "  it  is  difficult  to  see  how  it  can  be  meaanred  per  unit  length  of 
(horizontal)  eircnmference.  Perhaps  the  author  might  have  made 
himself  better  understood  if  this  force,  B,  had  been  shown,  in  a 
diagram  or  flgnre,  ae  acting  on  some  definite  bod;. 

As  the  result  of  an  endeavor  to  gain  some  insight  into  what  the 
author  means  by  the  force,  B,  ol  Case  II,  the  writer  offers  the  following 
treatment  of  the  spherical  dome,  in  which  the  use  of  trigonometric 
fonctio&s  (exoept  in  one  instance),  and  of  the  notation  of  the  differen- 
tial calcnlas,  have  been  avoided  purposely. 

In  order  that  results  may  applj  to  any  spherical  dome,'  the  case  of 
the  open  dome  has  been  taken;  supposed  to  be  divided  up  regularly 
(by  meridional  planes  and  conical  surfaces),  into  smalt  voassoira. 

The  notation  used  is  the  same  as  in  the  paper  (with  other  symbols 
vdded  aa  needed).  In  Fig.  39,  M  Nia  a  typical  small  voussoir  situated 
in  a  ring,  the  radins  drawn  to  the  upper  edge  of  which  makes  anangle, 
tx,  with  the  vertical  axis  of  the  dome,  while  that  to  the  lower  edge 
makea  an  angle,  a'.  A  voussoir  of  the  crown  ring  of  this  open  dome 
is  shown  at  M^,  in  the  same  "  ungnla"  w  M  Jf.  if  is  the  radius  of  the 
sphere,  while  r  and  r'  are  the  radii  of  the  horizontal  circles  passing 
through  X  and  M'.  The  ungula,  O  M"  N,  subtends  a  small  angle,  S, 
at  the  vertical  axis.  Let  the  small  length,  MM',  be  denoted  by  s,  its 
vertical  projection  being  c,  and  its  horizontal,  n.  C„  is  the  center  of  the 
sphere.  The  system  of  forces  acting  on  the  voussoir,  M  N,  and  holding 
it  in  equilibrium,  consists  of  the  two  meridional  thrnsts  from  neigbbor- 
s  above  and  below,  two  lateral  thrusts  from  the  adjoining 
1  the  sides,  and  the  weight  of  the  vonssoir  itself.  This 
weight  is  not  shown  in  the  figure  ;  it  has  no  horizontal  component  and 
hence  does  not  affect  the  mathematical  work  (based  on  Fig.  40)  which 
is  to  follow.  Each  of  the 
thrusts  is  at  right  angles 
to  the  corresponding  sur- 
face, the  two  lateral  ones 
being,  of  course,  equal  in 

Since  ^  is  to   denote      ^>^ 
the  meridional  thmst  pet 
unit  length  of  horizontal 
circnmference,  while  S  ia 
the  side  thrust  or  "  hoop 

thrust "  (perhaps  tension)  '' ""'  '" 

per  unit  length  of  meridian,  the  values  of  the  thrnsts  will  be,  respec- 
tively, A  r6.  A'  r'  6,  and  B  a;  as  marked  in  Fig.  39.  By  the  same 
process  as  that  pursued  on  pages  1104  and  1105  of  the  paper,  it  may 
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lurch,  easily  be  pToved  that 

A  =  —^  S^p;  and  A'  =  -^S'^p,  (in  which  p  = 
per  nnit  of  spherical  enrfaoe) ;  while  the  valne  < 
Fig.  40  shows  the  horizontal  projeotioD  of  i 
ing  on  the  block  or  vonssoir,  M  ff,  from  wbio 
the  block  is  in  equilibrium,  the  sum  of  the  n 
parallel  to  the  line  bisecting  the  small  angL 
Bs,  mnst  be  numericallj  equal  to  the  difference 
involving  A  and  A'.    If  this  fact  is  formnlatt 

of  A  and  A'  inserted,  and,  also,  if  -^  w  writt 

OOH.  a',  there  resalts  R' p  9  I  — ;  p "n  1 

further,  B  =p  —  i-f-h'  —  _2 — 
which, 
ainee  5'„=  S„+  c,  k'=h—c,  and  r'  =  r  +  n. 


may  be  written  in  the  form,  B  = 

But,  for  an  indefinitely  small  value  of  n,  — ^ 
1  + 

1  — -^.whence  B  =  |-   -  [(i  — ")  (5^ +  c) 

»T.  B  =  ^  ^[s,h  -  S„c  +  e  h  ~  <?  -  ^^ 


»].. 


After  cancelling  the  terms,  S„  h  and  -~S„  ft, 
terms  remaining  in  the  bracket,  all  bat  three 
or  more  of  the  small  lengths,  c  or  n,  while  th« 
tain  only  one;  hence  as  n  and  c  become  indefli 
zero,  since  it  is  wished  to  discover  the  value  < 
close  to  the  upper  corner  of  the  block)  the  fori 
as  compared  with  the  three; 
whence,  R  ^  ^-^H 


lilar  triangleB,  —  =.  -^  and 
B=.p[;,_S„(l  +  ^)];   =p[h 


But,  from  similar  triangleB,  —  ~  -it  and  - 
and,  therefore, 


b,Googlc 


Fftpen.]    DISCUSSION  ON  SPHBalOAL  AND  FBAUBD  DOHBS, 


p[4-^^;orJ!  =  _5-«.J'+P* 


which  is  identical  with  the  reenlt  in  Equation  21  of  the  paper.  (The 
writer,  however,  sees  no  occasion  for  the  reeervation  made  bj  the 
author  in  the  few  lines  immediately  nnder  Equation  21.) 

Now  note  the  effect  of  supposing  the  horizontal  ring,  to  which  the 
block.  My,  belongs,  to  be  destitute  of  weight,  all  the  rings  above  it 
still  retaining  the  property  ol  weight.  Then,  while  A  remains  as 
before,  th«  value  of  A'  becomes 

^'  =^  -Xp- 

The  same  steps  being  followed  ae  before,  it  is  found  tbat,  instead 
of  Equation  79,  there  is  obtained 

B_r-?[&i'_M],_t?«-[i;-^] (79.) 

and,  instead  of  Equation  BO, 

whence,       ^  = -j-  -  S„  [*— c— A  „  ^'i^  —  h\ 

Cancelling  the  two  terms,  h  and  —  h,  in  the  brackets,  and  neglecting 

the  term ,    which  contains  two  of  the  small  quantities,  cand 

n,  and  is  added  to  the  other  terms  which  contain  oulj  one,  there  is 
obtained 

T~L      s~  *    r}'-       r       I     H        R     rJ' 
that  is,  B  =  —  pS„  f^  "t  '^'  I,  =  —  ^  'S^  p: 


-,4'^]— 


which  is  equal  to  A,  but  of  contrary  sign. 

A  comparison  of  Equations  82  and  82<(  shows  that  the  former  can  bo 
obtained  from  the  latter  by  simply  adding  the  term,  p  k,  which  is 
nothing  more  or  leas  than  the  horizontal  (compressive)  hoop  stress 
which  wronld  occur  in  this  ring  if  it  were  the  crown  ring  of  an  open 
dome  (see  Equation  8,  page  1104),  in  which  situation  the  boop  stress 
in  the  ring  would  be  dne  solely  to  its  own  weight.  It  might  now  be 
contended,  with  some  plausibility,  that  the  term  to  be  added  to  the 
expression  for  the  hoop  stress,  B,  just  foand  on  the  supposition  that 
the  ring  in  question  has  no  weight,  in  order  to  establish  a  value  for  B, 
holding  good  in  case  the  weight  of  the  ring  is  considered,  should  be 
this  very  term,  +  ph;  which  is  known  to  be  the  complete  value  of  the 
hoop  stress  in  a  situation  where  the  ring's  own  weight  is  the  sole 
cause  of  hoop  stress.  Perhaps  some  snch  idea  as  this  was  in  the 
anther's  mind  when  the  treatment  of  Cases  II  and  III  was  written; 
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Ihurcb.  but  the  writer  must  confesB  hiiuBBlf  anable  to  apprehend  w 
nnthor  meaoB  bj  tbe  stress  called  B  in  Case  II,  ctz. ,  "the  hoi 
ring  etteas,  B,  in  the  bed-joint  of  the  base  "  of  aaj  dome.  Sii 
horizontal  ring  of  voaesoirs  &ats  as  a  base  for  the  portion  of  th 
situated  above  it,  it  would  seem  as  if  the  phrase  "horizont 
stress ''    must  mean   the  hoop  stress  in    ftiiy  horizontal  rin 

B^ j-ap+pft;  but  the  author,  evidently,  considers 

Case  II  he  has  not  reached  the  proper  stage  for  announcing  th 
for  B.  As  before  remarked  bj  the  writer,  tbe  representation 
definite  body,  in  the  way  of  a  vousaoir  or  of  a  collection  of  vo' 
some  of  the  forces  acting  on  which  iuTolve  the  B  of  the  anthoi 
I(,  would  seem  necessary,  if  his  meaning  is  to  be  made  plain. 

The  obscurity  in  the  treatment  of  the  force,  B,  in  Cas 
probably  connected  with  Proportion  V,  on  page  1128.  This  proj 
the  writer  holds  to  be  a  fallacy,  which,  while  harmless  (as 
final  results)  in  the  author's  treatment  of  the  ap^erical  dom 
rise  to  an  erroneous  expression  for  B  in  domes  of  other  forms. 

For  example,  in  the  case  of  the  conical  dome,  results  for  wl 
stated  at  the  foot  of  page  1134,  the  author  claims 

^=+h' 

and  ^^~2a'''*"'a^ 

(In  Equation  71  the  writer  has  put  p  for  p„  and  Pa<  as  is  done 
author  on  page  1135).  But,  in  applying  to  the  conical  dome  tl 
treatment  as  that  just  given  in  this  discussion  for  the  spherica 
the  writer  finds  that  the  results  should  be 

^=+2Z^'  

from  which  it  would  appear  that  in  all 
the  angle  of  inclination,  the  circnmfetentii 
compressive. 

Of  course,  if  Equation  l\n,  instead  of  1 
value  of  a,  then  the  author's  oonclusions,  oi 
1135,  are  incorrect.  According  to  one  ( 
horizontal  conrees  of  a  conical  dome  the  i 
than  45°  with  the  horizontal  are  subjected  1 
according  to  Equation  71,  as  the  angle  in 
be  the  tension.  But,  at  90°,  the  cone  beci 
height,  in  which  case,  of  course,  there  it 
kind  in  the  horizontal  courses;  but,  fron 
stress,  for  an  angle  of  90^,  would  be  teni 
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wheretM,  from  Eqnatioii  71a,  B  =  zero,  which  is  known  to  be  true.  Ur.  Cburdi. 
That  Equation  71  is  erroneooB,  wonld  therefore  seem  to  be  manifest. 
As  a  FesnU  of  the  author's  general  ezpreseion  for  B,  he  reaches  the 
resnlt  that  in  a  tmncated  conical  dome  there  exists  a  joint  of  rupture; 
but,  in  tlie  opinion  of  the  writer,  this  conclusion  is  alti^ether  erro- 
oeons,  for  the  reasons  just  given. 


Fio.  41 

The  detail  of  the  writer's  work  in  deriving  Equations  TOa  and  71a 
is  as  follows: 

In  Fig.  41  is  shown  a  small  block  or  voussoir,  MN{ot  a  full  oonioal 
dome,  homogeneous  and  of  uniform  thickness),  being  part  of  a  hori- 
zontal ring-course  the  radius  of  the  upper  edge  of  which  is  r  (of  the 
lower  edge,  r')  and  bounded  on  the  aides  by  two  vertical  meridional 
planes,  N  C  Faud  M  C  V,  making  with  each  other  a  small  angle,  9. 
The  elements  of  the  cone  make  an  angle,  a,  with  the  horizontal.     A 
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that  in  case  the  conical  dome  is  tmucated, 
at  a  lantern,  the  value  of  B  given  b;  Eqaation 

I;  vit.,  Bfltill  =  -p. 

rever,  wonld  be  different  from  that  given  bj 
ime  were  trnncaied  or  had  a  lantern, 
it  to  Btate  that  the  reHulte,  for  the  conical  dome, 
.  are  in  exact  agreement  with  those  given  bj 
lied  Mechanics."  Bankine,  however,  does  not 
ivation,  bnt  merely  onthnes  a  general  method 
ig  use  of  the    principles    of    the    differential 
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A   DESIRABLE   METHC 
DREDGING  CHANNELS  THROUG] 
Discussion.* 


By  MeBBre.  F.  B.  Maltbt  and  WiLi 


dtby.  F.  B.  Mai/tby,  M,  Am.  Soc.  C.  E.  (by  letter) 
by  the  anthor  on  the  extent  of  the  commerce  c 
pean  Bnssia  are  extremely  intereeting,  and, 
enrprieiag. 

The  writer,  as  Superintendent  of  Dredging 
aissippi  Biver  below  Cairo,  has  bad  some  expe: 
interest,  and  presentB  the  following,  not  in  criti 
as  possible  additional  information  OD  the  Hubj« 

On  the  Mississippi  Biver,  the  location  of  the 
across  the  obstructing  bar  is  of  much  more  imi: 
or  size  of  tbe  cat  to  be  made.  An  improperly  1 
maintained,  whatever  its  ehape  or  size,  while, 
the  cut  is  located  so  as  to  get  the  maximum  etft 
its  axis  it  will  probably  be  maintained,  if  noi 
low-water  season.  No  rule  for  this  location  cai 
only  be  determined  by  study  of  tbe  conditions 
and,  very  largely,  is  a  matter  of  experience. 

Uanally,  when  dredging  is  required  moat  u 
sippi,  the  river  is  falling  very  rapidly,  and  the 
the  channel  as  quickly  a 


b,  Google 


Fapen.]      DISCUSSION  OK  DBBDQINO  BITEB  CHANNELS.  169 

Dnring  the  last  dredging  sMaon  the  river  at  Cairo  fell  from  a  stage  Hr.  Haltbj. 
of  11.7  ft.  on  December  2d  to  2.8  ft.  on  December  20th,  oralmost9ft. 
in  eighteen  days,  and  the  rate  of  fall  during  the  interval  was  fairly 
nniform.  As  the  ruling  depth  wJtich  it  was  desirable  to  maintain  over 
the  bare  was  reached  at  about  7  ft.  on  the  Cairo  gauge,  and  as  the  nnm- 
her  of  dredges  available  just  at  that  time  was  limited,  it  was  impor- 
tant that  work  ehoald  be  done  as  rapidly  as  poesible.  As  an  instanoe 
of  hov  rapidly  this  work  ie  done,  the  writer  cites  the  instance  of  a  bar 
which,  on  the  arrival  of  the  dredge,  had  a  possible  channel  of  7  ft. 
over  it.  Where  the  dredged  cut  was  located,  the  least  depth  waa 
abont  6.5  ft.  In  68  honrs  after  arrival  at  the  bar  a  channel  not  less 
than  200  ft.  in  width  and  12  ft.  in  depth  had  beeo  made.  The  dietri- 
bntioD  of  time  was  as  follows: 

Placing  plant 4|  honrs. 

Changing  cnts 3)      " 

Repairs 1    hour. 

Dredging 59    hours. 

Daring  this  time  six  cuts  were  made  having  a  total  length  of  i  MO 
ft.,  and  an  average  depth  of  oat  of  8  ft.  The  depth  of  obaimel  given 
above  ia  the  least  depth  on  the  bar  after  the  dredging  was  completed; 
there  was  a  depth  of  abont  15  ft.  along  the  axis  of  the  dredged  out. 
This  channel  woe  maintained  and  improved  steadQy  both  in  depth 
and  width  dnring  the  remainder  of  the  season. 

Possibly,  more  rapid  work  might  be  cited,  but  the  foregoing  will 
give  a  fair  idea  of  the  amount  and  kind  of  work  done.  Evidently, 
onder  these  conditions,  there  is  no  chance  for  any  fine  regnlation  of 
the  depth  of  the  snction  shoe  to  allow  for  a  elope  on  the  bottom  of 
the  cut  in  either  direction. 

The  writer  wishes  to  criticise  the  method  proposed  by  the  author 
only  in  its  applicability  to  the  Mississippi  Biver;  theoretically,  his 
reasoning  seems  to  be  sound,  and,  if  conditions  can  be  found  which 
follow  the  aSHamptions,  the  resnlts  should  be  as  predicted. 

yfjuAAM  Gerio,  M.  Am.  8oc.  0.  E.  (by  letter).— The  writer  agrees  Mr.  Oer^. 
with  the  anther's  statement  "  that  the  dredge  should  be  properly  de- 
signed for  the  work  to  be  performed."  It  should  not  only  be  an  efli- 
oient  dredge  for  dredging  river  channels,  but  should  also  be  designed 
so  that  it  can  be  moved  quickly  from  one  bar  to  another  without  much 
loss  of  time  in  towing  and  placing  the  plant.  On  the  Mississippi,  it 
often  requires  only  from  24  to  48  hours  to  dredge  one  bar,  and  then 
the  dredge  and  plant  must  be  moved  quickly  to  another  bar.  This 
part  of  the  design  of  a  dredge  ie  often  overlooked,  or  thought  of  little 
importance,  by  the  designing  engineer. 

Dredging  channels  through  river  bars  is  usually  necessary  at  cer- 
tain periods,  or  when  the  river  is  low,  and  on  a  river  like  the  Mississippi, 
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Qerjg.  vhere  a  fall  from  12  ft.  above  to  the  mean  low-watermark  baeoi 
in  two  or  three  weeks,  the  main  object  is  to  dredge  the  cl 
through  the  bars  as  quickly  as  possible,  so  that  navigation  will 
interfered  with.     When  the  Mississipjii  continnestofall  slowly 
a  long  period,  manj  of  the  bore  are  deepened  by  the  current 
not  need  dredging;  bnt,  where  the  fall  is  ra 
fast  as  the  river  falls.     This  increasea  great 
be  done,  and  the  number  of  places  to  be  dre 
.that  the  channels  to  be  dredged  be  located  s 
width  and  depth  be  obtained  with  a  minimi 

A  dredged  channel  in  the  MiHaissippi,  if  1 
permanent  during  the  low-water  period,  pri 
in  the  stage  of  the  river  has  occurred,  and  I 
sunken  snags,  logs  or  barges,  which  are  mo' 
have  not  lodged  in  or  near  the  head  of  the  cl 
often  cause  the  channel  to  be  filled.  Afte 
rapid  rise  and  fall  in  the  river,  it  happens 
large  bar  iu  the  place  where,  a  few  months  ] 
the  river  flowed. 

At  the  beginning  of  the  past  low-water 
the  Mississippi,  between  Cairo,  111.,  and  Ne 
bar  known  as  '*Feters  Towhead  Crossing",- 
low  Memphis,  Tenn.,  where  there  was  a  d( 
channel  when  the  ri-v&t  was  some  16  ft.  a 
mark  on  the  Mhoon  gauge.  If  the  river  cc 
to  the  mean  low-water  mark,  there  would  ,b 
extending  entirely  across  the  river. 

The  Dredge  Delta,  of  the  Mississippi  Bi 
fleet,  was  placed  on  this  bar  at  that  time  and 
wide  and  20  ft,  deep,  by  making  five  cnts.  ' 
32  ft.,  and  the  ridges  left  between  the  cnts 
rent.  This  channel  remained  for  some  thir 
of  some  4  or  6  ft.,  it  showed  signs  of  filling 
mented  tailing,  the  dredge  was  again  placed 
location,  and  made  five  more  cute  to  a  depth 
oeded  slowly,  this  channel  was  enlarged  by  ■ 
river  had  fallen  to  about  1  ft.  above  the  mei 
HhoDu  gauge,  some  three  months  after  dree 
been  several  fluctuations  in  the  stage  of  the 
a  9-ft.  channel  of  ample  width.  The  bars  on 
were  dry  at  the  lowest  water. 

It  will  probably  be  of  interest  to  note  tha 
head  arranged  so  that  dredging  can  be  don 
dropping  down  stream  over  the  bar.  The  ai 
and  works  well.     It  has  been  found  that  wb 
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is  composed  of    ordinary  river  aand,   the  down- at  ream  method  ol  Mr.  cwrig. 
dredging  is  the  more  efiJectnal,  for  the  following  reasons: 

First. — That  when  the  cut  is  completed,  all  the  material  has  been 
removed,  and  there  remains  a  fnll-depth  ont.  In  dredging  np  stream 
the  material  pnt  in  laBpenBion  hy  the  agitator  ie  deposited  in  the  cut 
under  the  dredge,  while  in  dredging  down  stream,  the  m&terial 
deposited  under  the  dredge  is  removed  as  the  dredge  proceeds  down 
the  streftm. 

Second. — That  when  the  first  cnt  is  made  down  stream,  and  extends 
from  deep  water  above  to  deep  water  below  the  bar,  there  is  a  decided 
increase  in  the  velocity  of  the  current  in  the  cnt,  which  assists  the 
dredging  materially  by  the  erosion  of  the  sides  and  bottom,  and  thus 
rednoes  the  nnrober  of  cuts  to  be  made. 

IViird. — That  more  progcesa  is  made  by  down-stream  dredging, 
since  there  is  no  danger  of  breaking  the  hauling  cables  or  maobinery, 
and,  conseqnently,  the  operator  will  feed  the  dredge  to  its  full 
capacity.  This  is  demonstrated  by  the  record  this  dredge  made  on  the 
"Joe  Echols  Bar"  duringDeoember,  1903.  The  material  was  ordinary 
river  sand,  free  from  drift  and  logs,  and  the  average  depth  of  cut  waa 
3.5  ft.  An  average  of  250  ft.  of  out  per  hoar  was  made  in  dredging 
down  stream,  and  230  ft.  while  dredging  up  stream. 

Fourth.~~Bj  being  able  to  dredge  both  ways,  much  time  is  saved, 
in  changing  cuts  and  in  placing  the  dredge,  since  all  that  is  necessary 
is  to  move  the  dredge  over  to  one  side  of  the  cnt  previously  made, 
reverse  the  snction  head  and  begin  dredging. 

From  experience  gained  on  the  Mississippi,  the  writer  thinks  it 
would  be  impossible  to  lay  down  a  prescribed  method  for  dredging, 
for  the  reason  that  there  ate  different  conditions,  even  on  the  different 
bars  on  the  same  river,  which  have  to  be  overcome.  It  seems  to  be 
best,  however,  that  at  least  the  first  and  last  cuts  should  be  made 
down  stream  with  the  current,  and  that,  where  there  is  ample  time  to 
do  the  work,  the  upper  eud  of  the  channel  be  widened  so  as  to  funnel 
the  water  into  it. 
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1.  E.  L.  CoBXHELi,,  M.  Am.  Soc.  C.  E.  (by  letti 
1887,  hae  bad  some  knowledge  of  the  facts  reft 
has  been  familiar  with  some  Texas  railroads  an 
is  acquainted,  more  or  less,  with  the  physical  ci 
em  and  western  portions  of  that  State. 

He  has  no  doubt  whatever  of  the  general  be 
railroad  law,  beueEcent  generally  to  all  partie 
old-time  railroad  promoter. 

The  law,  and  generally  its  jast  operation,  ha 
gated  and  notorions  evils.  Not  only  has  the 
benefited,  but  also  the  investor  in  railroad  seem 
State.  The  people  of  Texas  now  have  just  i 
transportation,  and  the  investor  knows  what  '. 
may  be  reasonably  snre  of  a  return  on  his  inves 

■  Tbia  dlBCusafon  (dI  tbtuper  by  R.  A.  ThampBon.  U 
Procftiiingt  (or  January,  IdW),  Is  printed  In  Procetding 
expressed  may  be  brougbt  before  all  members  of  the  Bociet; 

CommunlcatlonB  on  tbls  flubject  received  prior  to  March 
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In  the  methoda  of  valnation  described,  and  theee  are  abont  the  Bir.  OortlieU. 
oalj  strictlj  eagineeriiig    questione    iavolred  in  the  paper,  there 
appear  to  be  some  eerions  objectionB. 

Both  old  railroadit — that  is,  those  which  existed  prior  to  the  psB- 
sage  of  a  law  in  1891 — and  new  roads,  are  valued  according  to  the 
judgment  of  the  State  Engineer,  "allowing  cnrrent  market  prioee  for 
labor." 

Would  it  not  be  more  reasonable  to  obtain  the  contract  prices  paid 
b;  the  company  ia  constrnoting  its  railroads,  and  the  actual  cost 
from  its  hooka  when  doing  the  work  by  its  own  day  lahor?  Are  the 
railroad  ofSci&lB  so  UDtruatwurthy  and  deceitful  that  they  could  not 
be  trusted  to  give  correct  figures  ?  One  would  hardly  eipect  that 
the  officers  of  a  railroad  company  would  enter  into  collusion  with  the 
contractors  in  order  to  show  a  larger  coat  than  the  actual ;  if  so,  then 
tbe  law  eould  reach  them  and  pnnish  them  for  fraudulent  practice. 

In  Talnlng  pre-existing  properties,  the  author  states  that  "no 
additional  allowance  was  made  for  the  value  of  aeaaoned  roadbed, 
etc."  A  moat  important  item  in  the  real  cost  of  an  old  road  is  thns 
eliminated  from  the  valuation,  without  further  reference  to  it  or 
eiplanation,  while  every  railroad  engineer  who  has  had  the  eiperi' 
encein  maintaining  railroads  knows  how  costly  "  seasoning  "  is.  As 
an  illastratiou,  it  may  be  stated,  from  reliable  reports,  that,  consider- 
ing all  the  various  lines  of  the  Southern  Pacific  System  in  Texas,  for 
the  ten  yeora  prior  to  1891,  the  cost  of  "  seasoning,"  that  is,  physical 
betterments,  changes  in  alignment,  restoring  washed  bonks,  raising 
roadbed,  rebuilding  after  washouts  (a  common  experience  in  Texas), 
raising  track,  etc.,  etc.,  cost  S4  734.30  per  mile  of  track.  This  appears 
to  he  all  the  more  important  when  considering  the  extremely  low  val- 
uation which  the  Commiasion  has  placed  on  the  rood.  Iteferring  to 
Table  No.  1.  it  is  found,  for  instance,  that  the  919.06  miles  of  the 
"  Qalveston,  Harriaburg  and  San  Antonio  "  (one  ot  the  principal  lines 
of  the  main  line  of  the  Southern  Pacific)  are  valued  at  S16142  298,  or 
only  tl7  564  per  mile,  whereas  the  "  seasoning  "  alone  has  cost  one- 
fourth  of  thia. 

Again,  the  cost  of  "legal  and  engineering  expenses  and  superin- 
tendence" is  allowed  at  the  rate  of  5  to  S%  at  the  total  estimated 
valne  of  the  rood,  which  is  entirely  too  low  to  cover  theee  importimt 
and  costly  items;  and  where  are  the  other  costs,  such  as  contingent 
expenses  (which  an  engineer  would  generally  estimate  at  from  15  to 
V}%  of  the  estimated  coat),  general  expenses,  right-of-way  agents, 
and  all  the  multitudinous  employees  who  must  be  upon  every  rail- 
road of  any  importance  during  its  preliminary  and  constructive 
periods?  And  yet,  the  estimate  on  which  to  baae  the  permitted  issue 
of  stocks  and  bonds  is  made  npon  the  report  of  an  engineer  who  goes 
over  the  rood  with  a  profile  and  estimates  his  quantities  from  center 
heights.    Any  expert  engineer,  who  has  had  to  examine  and  report 
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Mr.  CortbtU.  upon  the  value  of  rulioad  properties,  knows  how  ntterlj  iDodeqtiate 
anoh  a  method  is,  to  get  &t  the  actual  cost  of  a  railroad,  even  approxi- 
mately. This,  the  writer  knows  bj  hia  own  experience  in  examining 
and  reporting  upon  about  600  miles  of  railroad  in  this  same  State  of 
Texas. 

Considering  all  the  items  that  go  to  make  up  the  actual  cost  of  a 
good  railroad,  with  all  its  appartenances,  from  the  riffbt  of  way  to 
the  rolling  stook,  the  valjiation  of  S16  000  to  $20  000  per  mile  ia 
entirely  inadequate  to  cover  it,  in  Texas,  at  least. 

All  the  old  roads,  that  is,  all  roads  existing  before  the  Commisaion 
made  its  valuations,  are  and  probably  always  will  be,  debarred  from 
the  issuance  of  any  more  atooks  or  bonds,  no  matter  how  many  and 
how  costly  may  be  the  physical  improvements  or  equipment  they  put 
into  their  properties,  or  wish  to  put  into  them.  Although  the  valna- 
tion  of  the  "Oalveeton,  Harrisburg  and  San  Antonio"  is  given  u 
SI6 142  298,  this  road,  at  the  time  of  its  constraction,  had  a  stock 
and  bond  iaaoe  of  S52  612  MO,  divided  nearly  equally  between  atock 
and  bonds. 

No  dividends  have  ever  been  earned  on  the  stock,  and,  no  doubt, 
moat  of  it  was  what  may  be  called  watered  stocks;  but  until,  by 
betterments  and  general  additiona  to  the  valne  of  the  property,  its 
valuation  by  the  Gonuniasion  has  reached,  on  the  aame  mileage, 
(52  612  400,  no  stocks  or  bonds  can  be  issned — a  rather  hopelesc 
future— so  that,  to  make  any  increase  in  equipment  or  any  sub- 
stantial 'improvements,  there  is  no  method  by  which  the  road  can 
borrow  any  money. 

The  writer  believes  that  all  the  companies  of  old  Texas  railroads 
would  have  been  perfectly  satisfied  with  the  work  of  the  Commisaioii, 
in  respect  to  this  feature,  had  a  fair  estimate  of  their  properties  been 
made  at  the  outset,  so  that  they  might  earn  the  legal  rate  of  the  law 
on  their  investment,  vU.,  6  per  cent.  This  refers  to  the  fact  that  the 
Commission  fixes  the  rates  so  that  the  companies  may  earn  the  legal 
rate  of  6%  on  the  valuation  of  the  properties  aa  made  by  the  Corn- 


Texas  ia  a  great  State  and  a  rich  agricultural  country,  and  it  has 
a  great  future.  No  doubt,  any  hardship,  which  nnreasonable  methods 
have  brought  about,  will  disappear  in  time,  with  jnster  methods  of 
valnation,  and  a  better  appreciation  of  the  work  which  the  railroads 
are  compelled  to  do,  and  the  expenses  they  have  to  meet. 

The  legislators  who  framed  the  law  and  the  Commission  wbiob 
enforces  it,  were  actuated  by  the  best  of  motives  and  for  the  general 
good  of  all  interested,  especially  the  public,  which  suffered  under  the 
former  conditions.  The  writer  desires  to  say  that,  from  a  personil 
acquaintance  with  the  honored  Chairman  of  the  Commission  from  the 
outset,  he  knows  of  no  more  consoieutious  and  patriotic  man  than 
Judge  Beagan. 
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MEMOIRS  OF  DECEASED  MEMBEES. 

Note.— Hemolri  will  be  reprodumd  In  the  Voluinea  of  TVaruacNoru.  Anjr  InTorma- 
tlon  vhlcb  wll]  amplify  tbe  records  as  bare  printed,  or  correct  an;  errors,  should  be 
lanrarded  to  tbe  Seorelaiy  prior  to  tho  flnal  pubUcallon. 

TTILLIAH  WABD  REED,*  F.  Am.  8oc.  C.  E. 
DiKD  Jai<vari  10th,  1904. 

William  Ward  Beed,  boq  of  WiUiiim  Wjndham  and  Elizabeth  In- 
gram (Smitb)  B«e|^,  waa  bom  in  AshtabDla,  Ohio,  on  April  lat,  1824. 
He  was  of  New  England  descent,  his  great  grandfatheT,  Colonel  Setli 
Beed,  a  pbjsician  at  Uibridge.  MasaacbusettB,  having  commaiided  a 
regiment  at  tbe  battle  of  Bunker  Hill.  Colonel  Beed,  hie  wife  and 
two  eons  were  amoug  tbe  pioneer  eetilera  of  Erie,  removing  thence 
from  Ontario  County,  New  York,  in  1795. 

\Yi)liam  Ward  Reed  waa  educated  at  the  academies  of  Asbtabnla, 
Ohio,  »nd  Erie,  Peansjlvania.  Here  be  acquired  a  good,  practical 
edncntion,  but  added  largely  to  thia  in  later  life  bj  his  careful  reading 
of  general  biatorj  and  many  brancbee  of  science,  and  especially  by  his 
studiea  in  tbe  h%her  matbematica,  thus  laying  a  broad  foundation  for 
his  future  profesBion  aa  a  civil  engineer. 

From  early  life  Mr.  Beed  waa  active  and  energetic  in  whatever  he 
undertook,  whether  as  student  or  man  of  business,  and  was  especially 
thorough  in  the  studies  and  practical  matters  pertaining  to  lita  choaen 
profession. 

Hie  first  service  as  a  civil  engineer  was  in  the  location  and  con- 
struction, in  1819-60,  of  tbe  Erie  and  Nortb  East  Railroad,  now  a  part 
of  tbe  Lake  Shore  and  Michigan  Southern  Railroad,  and  while  engaged 
in  tbis  work  he  was  advanced  to  the  position  of  Assistant  Civil  Engi- 
neer. In  September,  1851,  he  went  to  Canada,  and  was  engaged  for 
four  yeara  on  the  Ontario,  Simcoe  and  Huron  Railroad,  between  To- 
ronto and  Collingwood,  Ontario.  During  tbe  following  year  he  was 
engaged  iu  tbe  couHtruction  of  tbe  harbor  at  Collingwood,  and  was 
next  in  cbarge  of  tbe  construction  of  the  Niagara  Road,  from  Clifton 
to  Nia gar a-on-t he-Lake.  During  tbe  next  two  years  he  was  Contrac- 
tor's Engineer  on  tbe  Samia  Branch  of  tbe  Qreat  Weatem  RaUroad. 

On  returning  to  hie  home  in  Erie,  in  1868,  he  built  by  contract  an 
aqaednct  over  tbe  Elk  Creek,  on  the  "  Fpnnsylvauia  Erie  Extension 
Canal,"  a  work  of  more  tban  ordinary  engineering  difficulty.  After 
completing  this  work  he  wae  elected  Superintendent  of  the  aame  canal, 
iu  1859,  a  position  which  he  held  until  the  canal  was  sold  to  tbe 
Feansylvania  Railroad  Company,  and  by  them  closed  and  abandoned. 

In  1867,  when  The  Board  of  Commissioners  for  the  construction  of 
a  system  of  water-works  in  tbe  City  of  Erie  waa  constituted,  Mr.  Beed 
■  Memoir  prepared  by  A.  B.  CausMo,  Esq. 
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waB  made  a  member  of  the  Board,  and  Bnbeeqaentlf  was  elected  their 
President.  He  continued  to  hold  this  important  position  for  twelve 
je&rs,  and  it  wae  nndec  his  administration  that  the  works  were  built 
and  the  first  pnmp  installed;  and,  later,  his  engineering  skill  and 
experience  were  called  into  play  in  the  oonstruction  of  the  great  res- 
ervoir on  Twenty-sixth  Street.  Snbeeqnentlj,  he  was  engaged  for  a 
nnmber  of  years,  either  as  contractor  or  engineer,  on  varione  rail- 
roads, nntil  he  retired  from  business.  He  was  one  of  the  fouoders 
and  original  stockholders  of  the  Second  National  Bank  of  Erie,  and 
was  for  many  years  one  of  the  Directors  and,  for  a  part  of  this  time, 
Vice-President. 

Mr.  Beed,  notwithstanding  his  bnsy  life  as  civil  engineer  and  con- 
structor, was  always  a  public-spirited  citizen,  and  liberal  in  his  sup- 
port of  charitable  and  benevolent  enterprises.-  He  was  one  of  the 
Board  of  Managers  of  the  Hamot  Hospital,  and  was  long  a  prominent 
member  of  the  BfaHonic  Fiatemity.  He  was  a  member  of  St.  Paxii's 
Episcopal  Church,  of  which  he  had  been  a  Vestryman  for  more  than 
twenty  years.  Deeply  interested  in  the  political  qnestions  and  move- 
ments of  the  day,  he  was  an  active  member  of  the  Bepablican  party 
and  a  prononnced  advocate  of  the  protective  policy  of  that  party;  and 
tor  three  successive  terms  he  received  the  support  of  a  large  majority 
of  the  Bepublicans  of  his  county  as  their  nominee  for  Congteas,  bat 
snfiered  defeat  in  the  nominating  convention  of  the  district. 

Mr.  Beed  was  of  quiet  and  reticent  habits,  bnt  always  positive 
and  outspoken  in  his  views  when  circumstances  demanded  their 
expression.  Of  a  kind  and  generons  spirit,  he  invariably  won  tb« 
affection  and  esteem  of  the  men  employed  under  him.  He  was  never 
married,  but  in  his  home  life  was  a  most  tender  and  devoted  son  and 
brother,  and  toward  his  associates  in  social  and  business  life  a  faith- 
ful friend. 

Endowed  with  a  very  retentive  memory,  and  giving  himself  up,  in 
the  quiet  retirement  of  his  later  years,  to  a  diligent  course  of  histori- 
cal and  scientific  reading,  he  became  almost  an  oracle  of  information 
on  many  subjecte.  His  business  judgment  was  so  sound  that  he  was 
frequently  consulted  in  important  matters,  and  his  advice  was  highly 
regarded  by  his  business  associates.  Of  pure  and  upright  character; 
resolute  of  will,  self-poised  and  self-reliant,  bearing  resolutely  the 
misfortunes  that  came  upon  him,  through  the  dishonesty  of  others, 
in  the  latter  portion  of  his  business  career,  and  enduring  uncom- 
plainingly the  severe  sufferings  of  his  lost  days,  WiUiam  Ward  Reed 
passed  away,  deeply  monmed  by  all  the  members  of  his  family  and  by 
the  inner  circle  of  his  many  attached  friends,  bearing  with  him  the 
undiminished  respect  and  esteem  of  the  community  which,  in  many 
capacities,  he  had  long  and  faithfully  served. 

Mr.  Beed  was  elected  a  Fellow  of  the  Amerioan  Society  of  Civil 
Engineers  on  December  20tb,  1872. 
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The  gravitj  Bjetem  of  water-works,  constmcted  during  the  jeore 
1693  and  1894  by  the  Water  Committee  of  the  City  of  Portland,  Ore- 
gon, included  a  aeries  of  four  reserroirs  for  supplying  the  different 
districts  of  the  city.  Reserroir  No.  1,  with  a  capacity  of  12  000  000 
galls.,  and  No.  2,  with  a  capacity  of  20  600  000  galls.,  enpply  the  East 
Bide  District;  and  Reservoir  No.  3,  with  a  capacity  of  16  400  000 
galls.,  and  No.  4,  with  a  capacity  of  17700000  galla,,  supply  the 
West  Side  District.  Two  of  these  reservoirs,  Noa.  3  and  4,  on  the 
West  Side,  were  built  in  a  narrow  ravine  occupying  a  portion  of  the 
City  Park,  about  two  miles  west  of  the  business  center  of  the  city. 
The  lower  reservoir  has  an  elevation  of  220  (t.  and  the  higher  one  290 
ft.  above  mean  low-water  level  of  the  Willamette  Biver.  These  two 
teservoirs  were  formed  by  dressing  down  the  banks  of  the  ravine  in 
which  they  are  located;  and,  since  their  completion,  a  serious  derange- 
ment of  the  western  slopes  of  both  reservoirs  has  taken  plaoe,  owing 
to  a  movement  of  the  adjacent  hillside. 

The  magnitude  of  this  movement  was  not  understood  at  first,  but 
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since  been  fonnd  to  extend  for  neftrly  the  fall  length  of  both 
oirs,  8  distance  of  abont  1  100  ft.  This  distance  ms;  be  called 
ipioximate  width  of  the  alide  at  its  lower  or  eastern  end.  At  the 
ir  western  end  it  ia  abont  400  ft.  wide,  and  ite  length  from  east 
t  is  approximatetj  1  700  ft.  Thedepth,  as  determined  at  varions 
,  ranges  from  50  to  112  ft.,  and  the  surface  area  approzimAtea 
-M.  The  volame  of  the  moving  maea  has  been  estimated  at 
XXI  cu.  jds. 

dng  into  consideration  the  characterietic  featoies  of  this 
lent,  its  length,  breadth  and  depth,  and  the  uniformity  of  the 
lent  of  the  sliding  mass,  it  may  be  truthfully  called  "  A  Phe- 
,al  I^nd  Slide."  It  is  the  purpose  of  this  paper  to  describe  thel 
a  and  eiplorationa  which  have  been  made  during  the  last  nine 
for  the  purpose  of  determining  the  dimeusioue  of  this  elide  and 
ibable  cause,  and  to  aid  as  well  in  deviaing  a  plan  tor  the  cnre 
difficulty. 

B  writer  baa  been  engaged  in  the  service  ol  the  Water  Committee 
Uaroh,  1893,  and  for  the  paat  seven  years  has  had  engineering 
1  of  all  ODnstrnotion  work.  He  baa  therefore  had  personal 
edge  of  the  work  from  almost  the  very  beginning,  and  the  sur- 
nd  explorations  described  in  the  paper  have  been  made  largely 
hie  personal  supervision. 

order  to  reach  a  correct  understanding  of  the  sitnation  of  these 
oirs,  and  the  reasons  which  led  to  their  location  at  the  point 
I,  a  few  words  regarding  the  physical  characteristics  of  the  region 
«  necessary.  The  City  of  Portland  is  largely  bnilt  on  the  lower 
of  a  range  of  hills  bordering  the  Willamette  River  on  the  west, 
distance  of  between  one  and  one  and  a  half  miles  from  the  bnsi- 
[istrict  the  slope  is  qnite  gradual,  rising  in  that  distance  to  an 
ion  of  from  160  to  250  ft.  Beyond  that  point  the  hills  rise  more 
tly  and  reach  an  elevation  of  from  800  to  1  000  to  1  200  ft.  in  a 
listance  from  the  river  of  three  miles,  or  less.  See  Plate  IV,  a 
)f  the  territory. 

owing  down  the  eastern  slope  of  this  range  of  hills  there  are  sev- 
charge  into  the  river  within  the  city  limits 
large  size.  These  streams,  though  small, 
e  tor  themselves,  which,  on  their  upper 
,  40  to  200  ft.  below  the  general  level  of 
F  the  lai^est  of  these  streams  is  known  as 
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Tanner  Oteek,  its  loirer  portion  being  now  confined  in  a  brick  aewer, 
approximately  6  ft.  in  diameter.  The  npper  or  western  end  of  this 
sewer  is  near  the  eontbeast  corner  of  the  Citj  Park,  and  onlj  a  few 
hnndred  feet  from  the  site  of  ReBurToirs  Nob.  3  and  4,  to  wbicb  this 
account  refers.  Above  the  head  of  this  sewer  the  vaUey  of  tbe  aontb  or 
main  braneb  of  Tanner  Greek  is  about  150  ft.  wide,  witb  side  elopea 
from  1  on  1  to  1  on  3  or  4  horizontal,  and  with  almost  perpendicular 
blnlTB  of  baealtio  rook  at  a  few  points. 

The  reservoiiB  described  are  upon  tbe  north  branch  of  Tanner 
Creek,  whioh  flowB  from  tbe  northwest  through  a  comer  of  the  Cit; 
Park  and  unites  with  the  main  creek  at  the  head  of  the  brick  aewer  to 
wbioh  reference  has  been  made.  The  total  length  of  this  branch  is 
Homewhat  more  than  one  mile,  and  it  has  a  total  fall  of  about  SOO  ft. 
During  tbe  dry  season  the  flow  is  insignlfloant,  and,  for  several  months, 
it  disappears  almost  entirelj. 

Tbe  aetection  of  this  ravine,  for  the  site  of  the  two  reservoirs  re- 
quired for  the  west  side  of  the  river,  was  due  chieflj  to  its  favorable 
location  for  securing  the  desired  elevation  at  the  most  accessible  point 
for  making  connection  with  the  system  of  pipes  then  in  use.  Besides, 
the  land  for  one  reservoir  was  already  owned  by  thecity,  and  the  addi- 
tional ground,  needed  for  tbe  second  or  low-service  reservoir,  adjoin- 
ing the  City  Park  and  combined  with  it,  could  be  purohaeed  upon 
favorable  terms. 

There  are  other  ravines  of  a  similar  character  both  north  and  sontb 
of  Tanner  Creek,  but  none  more  aoceesible  or  apparently  more  favor- 
able as  a  reservoir  site.  Tbe  location  of  the  reservoirs  upon  level 
ground,  or  outside  of  some  ravine,  was  not  regarded  as  feasible, 
within  tbe  required  limits  as  to  distance  and  elevation.  At  the  point 
chosen  for  the  reservoirs,  tbe  original  bed  of  the  ravine  was  quite  nar- 
row, from  20  to  60  ft,,  with  sides  sloping  bock  about  1  on  1}  to  3i 
horizontal,  toabeightofabout  60  ft.  outheeast,  and  on  tbe  west  about 
100  ft.  above  tbe  bottom. 

The  material  composing  the  hillside,  as  for  as  appeared  from  the 
borings  and  examinations  made  before  the  eicavation  of  the  reservoirs 
was  undertaken,  was  yellowish  sandy  clay  upon  the  surface,  but  only 
a  few  feet  in  depth,  witb  basaltic  rock  nndemeath.  Tbe  character  of 
the  underlying  rock  was  not  then  known,  further  than  what  could  be 
seen  at  several  points  where  a  bluff  a  few  feet  high  showed  rock  at  the 
surface,  and  at  one  point,  200  yds.  down  stream,  where  a  perpendicular 
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blnfiF  50  ft,  high  was  ezpoeed.  From  these  indieatious  the  general 
haaaltic  character  of  the  rook  was  known.  Where  exposed,  the  tock 
was  full  of  seams,  bnt  appeared  to  be  sound  and  in  place. 

Along  the  banks  of  Johnson  Greek,  which  flows  in  the  nest  ravine 
north  of  Tanner  Creek,  about  one-third  of  a  mile  from  Beservoirs  Nob. 
8  and  4,  similar  bluffs  of  basalt  can  be  seen,  a  road-metal  qnarrj  hav- 
ing been  opened  at  one  point  exposing  a  vertical  wall,  from  50  to  76  ft. 
high,  which  shows  plainly  the  general  character  of  the  material. 

Here  it  may  be  of  interest  to  note  the  following  account  of  the  geo- 
logical features  of  this  region,  quoted  from  "  A  Geological  Beconnois- 
sanee  in  Northwestern  Oregon,"  by  Joseph  Silas  Diller.  • 

"  If  the  whole  of  western  Oregon  subsided  200  ft.  in  all  parts,  so  as 
to  restore  at  least  in  some  measure  the  conditions  of  land  and  sea 
which  obtained  during  the  Pleistocene  epoch,  it  is  evident  that  the  sea 
would  flow  in  over  the  land,  making  a  large  bay  of  the  Columbia  and 
extending  up  the  valley  of  the  Willamette  as  far  as  Salem  "  (60  miles 
sontb  f rom  Portland).  "The  Pleistocene  water  body  in  its  general 
outlines  must  have  resembled  Pnget  Sound,  and  to  designate  it  specifi- 
cally, as  already  indicated.  Professor  Condon  called  it  Willamette 
Sonnd.  The  fertility  of  the  Willamette  Valley  is  largely  due  to  the 
sediments  deposited  in  it  during  the  time  it  was  a  sonnd,  and  some  of 
the  plains  and  prairies  may  then  have  been  formed. 

"The  data  for  the  accurate  determination  of  the  depth  of  the 
water  in  'Willamette  Valley  have  not  yet  been  fully  made  out,  bnt  the 
evidence  already  known  to  Professor  Condon  indicates  that  the  water 
extended  as  far  south  as  Spencers  Butte,  three  miles  from  Eugene  " 
(125  miles  from  Portland).  "  Judging  from  the  height  of  the  terraces 
an  the  Columbia,  near  the  month  of  the  Des  Chutes"  (90  miles  east 
bom  Portland),  "he  estimated  the  depth  of  the  water  over  the  place 
where  th"  city  of  Portland  now  stands  to  have  been  325  ft.  This 
may  weli  be,  and  yet 
when  we  study  the  de- 
pouts  of  which  the  hills  - 
about  Portland  are  com- 
posed, a  much  greater 
depth  of  water  is  indi- 
cated. During  a  brief 
stay  in  Portland  a  rough 
section  was  made  np  the 

■ln«^     I  iu     ^    ■        r  ,MEAH  GAMBBINUS  RAVINE. 

■lopes  of  the  ravine  from  _  _  „__ 

Oambrinus  "  (or  Johnson 
Creek).  "  It  is  illustrated 
^7  Fig.  IS.      The  city  is 
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lATgel;  apoa  the  modem  flood  plane  of  the  rrreT.  aad  is.  •!  ietM  tt 
>  Dnmber  of  points — for  example,  on  WaahingtoD  Sti«M.  memr  tbe 
Oregooian  Building — made  np  chieflr  of  claj.  Tbe  loser  partiao  ri 
the  hiU,  abore  the  geaeni  level  of  the  citj.  is  made  op  of  baaah,  viii 
occasional  masses  of  fine  sediments,  shoving  traces  of  stratifieatioa 
The  npper  portion  of  the  hill,  extending  from  the  top  of  tbe  bn. 
at  an  elevation  of  about  310  ft.,  to  the  general  plain  abort.  wUci 
is  at  an  elevation  of  nearlj  6fiO  ft.  above  the  sea,  is  fine.  argiDaceou 
sediment  closelv  resembling  the  loess  of  the  Missiseippi  VaO^.  It  is 
in  places  distinctlv  stratified  and  wasevidentlj  laid  doan  nndewaUr. 
If  this  material  was  deposited  in  the  Willamette  Sound  oi  CcAdca. 
aa  appears  to  be  the  case,  the  depth  of  water  at  Portland  must  hart 
been  not  less  than  600  ft.  At  present  too  little  is  known  of  tte 
geologj    of   the    Portland 

region    to   assert   that   the  ee:t ->.  c-:.  ^r 

fine     sediments      on      the  heua  ^~-lf.i.  tat. 

heights  immediatelv  west 
of  Portland  were  depoeited 
at  the  some  time  ^  those 
along  the  coast. 

"At  tbe  north   end  of 
East    PortUnd,    near 
bino,  a  hlnfT  exposes  the  t 
section  shown  in  Fig.  16. 

"The   40   ft.    of  coarse 
sand  above  is  well  strati-  ,,m.^ 

0^,    bnt    irr^nlar    and  i'SycSSEh— ■  ,-,[.iii  a_. 

cross  bedded.    This,  with  „_^  ,.., 

the  i  to  10  ft.  of  conglom- 
erate next  below,  indicates  strong,  shifting  CTUTents.  The  tower  30  fL 
of  the  exposnre  is  made  np  of  sand,  pebbles  and  bowlders  irregnlvlT 
intermingled.  At  the  base  of  the  cliff,  and  occsaionallT  within  it,  are 
fonnd  bowlders  of  soft  grajr  or  Tellowisb  sandstone,  verj  like  tbe 
Tertiar;  sandstone  exposed  at  vaiions  places  in  western  Oregon.  So 
fossils  were  fonnd  at  this  point,  bnt  Dr.  David  Baffetj  gave  me  a  frag- 
ment, collected  from  the  gravel  at  Brooklyn  Hills,  that  contains  Arat 
microdaUa  Conr.,  a  common  Miocene  form.  Brooklrn  Mills  ie  at  thf 
sonth  end  of  East  Portland.  The  blnff,  in  general  composition  and 
position,  is  practicallj  a  continnation  of  the  one  at  Albino.  Tbe  fos- 
sils fonnd  at  Brooklyn  Mills  ore  apparently  in  a  small  bowlder  derrred 
from  the  Miocene,  and  indicate  that  the  gravels  in  which  the  bowldew 
oocnr  are  of  later  age  than  the  Miocene.  They  are  donbtless  Pldsto- 
oeuc,  and  probably  younger  than  the  high-level  sediments  on  tbe 
opposite  side  of  the  river.  The  f  ossUiferons  Miocene  in  place  is  not 
known  to  the  writer  nearer  Portland  than  tbe  Scappooee,  in  Colnmbi* 
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CoQiitj,  or  Dillej,  in  Washington  Cotintv,  about  26  miles  awaj.  It  is 
probable,  however,  that  the  same  series  of  strata  occnr  at  no  great 
distance  sontb  of  Portland,  and  in  the  Willamette  Valley  and  in  the 
hills  to  the  westward,  and,  furthermore,  Ihej  probablj  extend  beneath 
the  city,  where  they  are  covered  by  later  deposits." 

In  the  foregoing  extract,  it  will  be  noted  that  Professor  Diller  com- 
ments on  the  absence  of  fossils  in  this  vicinity,  as  far  as  at  present 
known,  from  which  the  age  of  the  'formation  conld  be  determined.  As 
bearing  npon  this  point,  the  writer  would  here  mention  a  fossil  which 
was  fonnd,  on  December  Slst,  1698,  in  one  of  the  excavations  at  the 
site  of  Reservoir  No.  3,  the  apper  reservoir  at  the  City  Park,  at  an 
approximate  elevation  of  216  ft.  above  the  sea  level.  The  fossil  was 
found  embedded  in  a  deposit  of  bine,  sandy  clay,  41  ft.  below  the  sar- 
face  and  17  ft.  above  bed-rock,  in  connection  with  some  small  pieces 
of  wood  and  a  few  water- worn  pebbles. 

Concerning  the  claasificatiou  of  this  fossil,  Mr.  F.  A.  Lnoas,  of  the 
National  Mnsenm,  Washington,  D.  C,  writes  as  follows: 

"  It  ia  the  left  lower  molar  of  a  camel.  Its  worn  condition  renders 
it  very  difficnit  to  identify,  bnt  it  is  probably  Camelops  kansantu  Leidy. 
This  species  has  been  ascribed  by  both  Leidy  and  Cope  to  the  Plio- 
cene, while  Wortman  reports  it  from  the  Pleistocene. " 

Dnring  the  fall  of  1891  and  the  following  winter,  or  nearly  two 
years  prior  to  the  commencement  of  reservoir  constmctiou,  a  cable 
railway  was  buUt  from  the  business  portion  of  the  city  westerly  to  the 
sontheast  comer  of  the  City  Park.  Thence  it  continued  its  westerly 
course,  crossing  the  ravine  in  which  the  reservoirs  are  now  located 
and  ascending  the  steep  slope  of  the  ridge  for  a  distance  of  about 
1  500  ft.,  and  thence,  taming  to  the  north  along  Kingston  Avenue, 
it  followed  a  nearly  level  grade  for  about  1  200  ft.  to  the  terminus  of 
the  line.  In  its  l^t  coarse  along  Kingston  Avenue  the  road  crossed 
two  ravines,  the  first  npon  a  26-ft.  embankment,  and  the  second  upon 
a  timber  trestle,  10  ft.  high  and  300  ft.  long,  the  latter  being  across 
the  main  ravine  in  which  the  reservoirs  are  situated. 

The  photographs.  Fig.  1,  Plate  V  and  Fig.  1,  Plate  VI,  show  the 
reservoirs  and  the  sloping  hillside  on  the  west  from  different  points 
of  view,  the  cable  road  and  the  bridge  across  King  ravine,  to  which 
reference  has  already  been  made. 

The  view  shown  in  Fig.  1,  Plate  V,  was  taken  on  September  28th, 
1-897,  looking  sonth  from  the  point  of  the  ridge  northeast  from  the 
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cable  railway  bridge  od  KingBton  Ayeniie.  At  ttie  left  can  be  seen  the 
gate-bonses  at  ReserroiTs  Nob.  3  aod  i  and  the  valley  of  the  aonth 
branch  of  Tanner  Greek.  In  tbe  center  appears  the  terraced  gronnd 
at  the  left  of  which  can  be  seen  the  clnBter  of  Bmall  flrB  marking  the 
sonthweBt  comer  of  City  Park.  In  the  center  of  the  terraces  can  be 
seen  the  temporary  pnmp-honBe  marking  tbe  site  of  Shaft  No.  1.  On 
the  right  can  be  Been  the  railway  bridge,  and,  farther  on,  the  outline 
of  the  "ronnd  top,  "near  the  head  of  the  sliding  ground,  can  be  traced. 

The  photograph  shown  in  Fig.  1,  Plate  VI,  woa  taken  on  Septem- 
ber 22d,  1897,  looking  north  along  the  cable-railway  track  on  Kings- 
ton Avenue  from  a  point  on  a  ridge  south  of  the  moving  ground-  Tbe 
90°  angle  in  the  track  is  shown  in  the  foreground.  A  short  distance 
beyond  the  center  is  the  twisted  track  at  tbe  northern  margin  of  the 
moving  gn^und.  Kings  Heights,  north  of  Johnson  Creek,  appear  in 
the  distance. 

The  cable  road  was  completed  about  Hay,  1892,  and  put  into  oper- 
ation at  once.  During  the  constmction  of  the  road,  the  owners  of  the 
property  west  of  the  City  Park  made  contracts  for  grading  and  ter- 
racing their  property,  with  a  view  of  offering  their  lots  for  sale,  the 
cable  road  having  been  extended  to  this  tract  solely  for  the  purpose 
of  making  this  property  accessible  and  desirable  as  a  residence  dis- 

Ah  hae  been  stated,  the  operation  of  the  cable  road  was  begun  in 
May,  1892,  bat  the  running  of  cars  was  discontinued  during  the  fol- 
lowing winter.  The  operation  of  the  road  was  again  commenced 
about  May,  1893,  and  continued  nntil  September,  1898,  when  it  was 
finally  suspended  owing  to  the  removal  of  tbe  bridge  across  the  ravine 
at  the  site  chosen  for  Eeservoit  No.  4.  A  change  was  made  necessary 
by  the  beginning  of  work  on  the  reservoirs,  and  the  owners  of  the 
property  preferred  to  abandon  the  line  rather  then  reconstruct  tbe 
bridge  to  span  the  reservoir,  and  protect  it  properly,  in  accordance 
with  the  terms  of  their  right-of-way  agreement. 

During  the  grading  of  the  property  west  of  the  reservoirs,  to  which 
reference  has  already  been  made,  ridges  were  cut  down  and  Heveralsmall 
ravines  filled,  without  providing  proper  nnderdrainage,  and,  in  the 
two  years  following,  other  ravines  were  filled  with  materials  furnished 
to  the  property  owners  by  the  contractors  who  were  excavating  the 
In  the  bottom  of  two  of  the  larger  of  these  ravines,  rough 
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log  onlverte  were  bnilt,  but,  evidently,  little  or  no  care  was  taken  to 
prevent  the  earth  from  sifting  through  the  chinks  between  the  logs, 
and  the  drains  soon  became  choked  and  ttseleas. 

At  one  point  in  the  ravine  west  of  the  cable  road  the  embankment 
formed  a  shallow  pool.  For  the  purpose  of  draining  this  pool,  as  well 
he  street  intersections  lower  down  the  slope,  the  property  owners 
constructed  a  terra  cotta  pipe  sewer,  some  8  or  10  ins.  in  diam- 
eter, laid  a  few  feet  below  the  surface,  and  leading  eastward  to  the 
park  bonndary. 

The  principal  part  of  the  work  just  outlined  was  completed  before 
the  excavation  for  the  reservoirs  was  began.  The  excavation  for  both 
reservoirs  was  commenced  in  October,  1893,  and  carried  forward 
simultaneonsly  at  both  points  during  the  following  winter,  but  the 
work  was  not  entirely  completed  until  September,  1894. 

Ihiring  the  winter  of  1893-94  municipal  affairs  occupied  the  atten- 
tion of  a  large  committee  of  citizens,  styled  "  The  Committee  of  One 
Hundred, "  and  during  this  time  the  new  water-works,  then  in  process 
of  construction,  came  in  for  a  share  of  the  criticism  to  which  all 
branohee  of  the  City  Qovemment  were  being  subjected.  The  water- 
works being  entirely  under  the  control  of  "  The  Water  Committee," 
consisting  of  fifteen  of  the  leading  and  substantial  men  of  the  city — 
named  for  the  position  in  the  legislative  act  authorizing  the  work — 
their  management  was  not  to  be  impeached,  but  the  engineers  of  the 
Water  Committee  were  criticised  by  some  members  of  the  Committee 
of  One  Hundred  for  recommending  the  location  of  important  reser- 
voirs in  the  City  Park.  As  a  result  of  these  critioisms,  the  Water 
Committee  called  upon  their  engineers  for  a  report  on  the  condition 
of  the  work.  In  compliance  with  this  request,  the  engineers  submitted 
the  following  statement: 

"  On  aooount  of  the  elevation  of  the  headworks  on  Bull  Bun,  the 
tall  rec^nired  to  overcame  the  friction  of  the  water  in  the  pipe  and  the 
allowable  pressure  on  the  city  mains  and  the  submerged  pipe  under 
the  Willamette  Biver,  the  reservoir  mnet  be  placed  at  an  elevation  of 
about  31X1  ft.  above  the  base  of  city  grades. 

"By  survey  made  from  the  aouthem  to  the  northern  boundary  of 
the  city,  it  was  ascertained  that  all  the  lands  at  this  elevation  were  on 
a  steep  hillside  ;  that  the  reservoir  conld  only  be  constructed  in  ravines 
in  which  the  required  capacity  could  be  obtained  by  dams  of  moderate 
height,  and  the  depression  in  the  City  Park  was  best  suited  for  the 
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pnrpoee  of  b  reservoir,  and  was  the  only  one  into  which  the  vAter  coald 
be  discharged  without  enconiiteriiig  great  and  almost  insuperable  diffl- 
cnltiee  in  the  extension  of  the  aupplj  main  from  the  crossing  of  the 
Willamette  River  westward.  From  borings  and  test  pits  made  on  the 
'  side  slopes  of  the  ravine,  it  was  ascertained  that  the  material  vraa  a 
light  surface  soil,  underlaid  with  claj  and  hardpan  resting  on  solid 
rock,  aa  shown  on  plans  and  sections  recently  laid  before  the  Water 
Gommitt«e  and  Messrs.  Woodward,  Honeyman  and  Foley  of  the  Com- 
mittee of  One  Hundred. 

' '  The  dam  proposed  will  rest  on  solid  rock  at  the  sides  and  bottom, 
and  the  lining  of  the  sides  on  claj,  hardpan  or  rock,  for  which  purpose 
all  the  loose  surface  will  be  removed.  Aronnd  the  reservoirs,  about 
5  ft.  above  the  surface  of  the  water,  there  will  be  a  berm  10  It.  in  vndtb. 
along  which  will  be  laid  culverts  and  drains  to  carry  away  the  water 
running  from  adjacent  lands. 

"It  was  stated  by  Mr.  Woodward,  in  conference  with  the  Committee 
on  Monday  last,  that  he  did  not  apprehend  danger  from  failure  of  the 
dam  or  leaks  from  the  reservoir,  but  that  the  lands  of  the  King  Ueal 
Estate  Company  sloping  downward  to  the  west  line  of  the  City  Park, 
and  resting  on  a  bed  of  claj,  underlaid  by  rock,  that  this  clay  when 
exposed  to  the  action  of  water  would  become  soft  and  slippery,  so  that 
the  whole  hillside  would  slide  down  into  the  upper  reservoir,  and  be 
dumped  into  the  lower,  causing  the  destruction  of  both  and  loss  of  life 
and  property  from  the  discharge  of  water  contained  in  the  reeerroirs. 
He  also  stated  that  should  there  be  a  dip  in  the  strata  of  rock  at  the 
foot  of  the  hill  and  a  rise  toward  the  reservoir  the  danger  of  a  slide 
would  be  obviated: 

"The  construction  of  roads  and  terraces  on  the  lands  of  the  King 
Beal  Estate  Company,  and  the  wash  of  small  streams  caused  by  recent 
heavy  rains,  furnish  ample  data  to  observe  the  nature  of  the  soil  and 
the  underlying  strata  of  clay  and  rock.  From  the  top  to  the  bottom 
of  the  hill,  the  rock  crops  out  in  places,  indicating  that  there  is  no 
great  depth  to  the  surface  soil.  At  the  points  where  the  rook  is  ex- 
posed there  are  no  indications  of  a  slippery  subsoil  or  tendency  to 
slide.  The  slopes  are  not  deep,  and  extend,  not  to  the  reaervoirs,  but 
to  a  depression  at  the  foot  of  the  hill,  on  the  west  line  of  the  City 
Park,  along  which  there  is  a  road  leading  to  the  bridge  in  the  City 
Park  below  the  reservoir.  On  the  western  edge  of  the  reservoir  there 
is  another  road,  and  between  the  two  there  is  a  knoll  extending  400  ft. 
north  of  the  dam.  Looking  from  the  east  side  of  the  reservoir  toward 
the  deer  park,  the  land  appears  to  rise  continnonaly  to  the  top  of 
King's  Hill,  but,  as  above  stated,  there  is  a  road  and  depression  on  the 
other  side  of  the  knoll,  from  which  there  is  a  gentle  slope  to  the  top  of 
thehiU. 

"Within  the  deer  park  the  depth  of  the  surface  is  not  known,  but 
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the  rook  crope  out  on  the  east  side  and  west  side,  and  to  the  north, 
and  the  cost  woald  not  be  great  to  etrip  the  rook  so  there  wotdd  be  no 
danger  of  a  slide  or  damage  to  a  reservoir  should  a  slide  occur.  To 
the  north  of  the  deer  park  and  on  the  land  of  the  King  Real  Estate 
Companj,  there  had  been  a  BOrface  slide  extending  down  to  tte  upper 
edge  of  the  reservoir,  but  this  slide,  as  well  as  the  others  which  have 
occurred  at  both  reservoirs,  can  be  traced  to  the  action  of  a  small 
stream  of  water  which  has  run  over  the  surfsce  soil  and  saturated  it  to 
the  claj  on  which  it  rested.  This,  and  all  the  others,  are  small  and 
local,  and  can  be  easilj  remedied. 

"The  side  slopes  of  the  reservoir  have  not  jet  been  cut  down  to 
firm  materials,  and  the  wash  of  the  surface  soil  bj  the  heavy  rains  of 
last  vinter  gives  to  the  excavation  a  very  rough  appearsQce;  bnt  there 
have  been  no  large  displacements  or  slides,  and,  in  onr  opinion,  there 
is  no  danger  in  the  future  of  any  slide  of  sufficient  magnitude  to  injure 
the  reservoira." 

The  bridge  referred  to  iu  the  foregoing  report  crossed  the  ravine 
immediately  in  front  of  Dam  No.  3,  affording  access  to  the  elk  bam  and 
enclosure  which  formerly  oeoupied  the  summit  of  a  small  knoll  200 
ft.  from  the  west  end  of  the  dam. 

The  depression  near  the  west  line  of  the  City  Park  was  filled,  dur- 
ing the  reservoir  conatruotion,  with  materials  excavated  from  the  basin 
of  Reservoir  No.  3.     See  Fig.  2,  Plate  V. 

The  publication  of  this  report  seemed  to  quiet  the  fears  which 
had  been  aroused  by  the  statements  made  before  the  Committee  of 
One  Hundred,  and  public  interest  in  the  matter  soou  began  to  wane. 
The  final  report  of  the  Committee  of  One  Hundred,  submitted  to  the 
citizens  several  months  later,  contained  no  reference  to  the  reservoir 
investigation. 

In  the  light  of  subsequent  developments,  the  foregoing  report  of 
the  engineers  of  the  Water  Committee  appears  to  indicate  a  failure  to 
comprehend  the  magnitude  of  the  diflScuIties  with  which  they  had  to 
contend,  bnt,  for  such  failure,  the  writer  has  no  words  of  criticism  to 
offer.  He  was  at  that  time  a  member  of  the  engineering  stafl',  and, 
although  indirectly  connected  with  the  work  in  question,  he  was 
acquainted  with  the  circumstances  of  the  case,  as  then  understood, 
and  was  in  entire  accord  with  the  position  taken  by  the  engineers  in 
their  report. 

The  engineers  state  in  their  report  that  it  was  claimed  by  some  that 
the  hills  west  of  the  reservoirs  were  of  clay  resting  on  rock;  that  the 
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olaj  vonld  slip  and  slide  when  wet;  and  tbat,  in  consequence  of  aanh 
slides,  the  reservoirs  would  be  saddenl?  filled  and  the  water  thej  ooo- 
tained  spilled  out,  causing  great  Iobs  of  life  and  proper!;. 

Presnmablj  this  opinion  waa  based  npoa  what  coald  be  seen  npou 
the  surface  near  the  reservoir,  in  addition  to  what  was  known  of  the 
material  at  poiate  in  other  ravines  where  slides  had  occurred  in  for- 
mer years.  That  no  person  at  that  time  had  an;  oonceptioo  of  the 
existence  of  a  deep-seated  movement,  of  the  magnitude  tbat  has 
sinoe  been  developed,  is  made  evident  by  the  fact  that  the;  predicted 
surface  slides  which  would  suddenly  fill  the  reservoirs  and  cause 
death  and  toss  of  property  by  the  flooding  of  the  low  ground  below 
the  dams. 

In  examining  the  ground  adjacent  to  the  reservoirs,  the  engineers 
found  only  indications  of  email  surface  slips.  These  they  thought 
could  be  rectified,  and  the  ground  made  stable  at  small  expense,  and 
they  therefore  reported  in  favor  of  continuing  the  work.  It  can  now 
be  seen  that  the  engineers  were  mistaken  in  their  judgment,  and  failed 
to  realize  the  magnitude  of  the  forces  arrayed  against  them.  The  slide, 
which  was  even  then  doing  its  destraotive  work,  was  not  near  the  sur- 
face of  the  ground,  and  hence  not  apparent  to  the  ordinary  observer. 
Even  those  who  had  early  knowledge  of  a  movement  upon  different 
portions  of  the  "  sliding  land,"  as  it  is  called,  failed  to  connect  and 
unite  them  into  one  harmonious  whole,  and  so  far  failed  to  estimate 
properly  the  extent  of  the  movement  which  was  taking  place. 

The  surveys  and  borings  which  determined  the  selection  of  the 
City  Park  as  the  site  for  the  reservoirs  were  made  chiefly  during  the 
year  1887,  supplemented,  however,  by  additional  borings  made  early 
in  the  year  1893. 

:  The  work  of  reservoir  construction  was  pushed  rapidly  during  the 
spring  and  summer  of  1894,  grading  for  reservoir  basins,  work  upon 
concrete  linings  and  the  massive  concrete  dams  for  both  reservoirs  be- 
ing in  progress  at  the 'same  time.  The  excavations  tor  the  reservoir 
basins  were  not  completed  until  about  September  1st,  1894. 

In  the  early  part  of  Angnst,  and  before  the  west  slope  of  Beser- 
voir  No.  4  had  been  out  down  to  its  intended  position,  a  slip  in  the 
bank  was  noted  about  midway  on  the  slope  opposite  a  point  where  the 
basin  was  about  30  ft.  deep.  (This  point  is  marked  by  a  cross  in  Fig. 
2,  Plate  VII.)    The  slopes  of  the  reservoir  basin  were  1  on  X|. 
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The  line  of  this  slip  was  found  to  be  along  a  seam  between  Ettrnta 
of  blae  and  j'oUow  cl*;,  the  yellow  clay  being  above  the  blue.  The 
elope  of  the  seam  was  fotind  to  be  1  vertical  and  10  horizontal,  the  dip 
being  westward  into  the  hill. 

CoDceming  the  character  of  the  deposits  of  bine  and  red  or  yellow 
clay,  which  were  ancovered  at  this  point,  and  which  have  fignred 
largely  in  all  sabsequent  explorations,  the  following  may  be  said:  The 
deep  yellow  and  red  clays  fonnd  at  different  points  are,  as  a  rule,  quite 
plastic  and  contain  little  sand.  Evidently,  tfaey  were  formed  by  the 
decomposition  of  the  lava,  which  at  different  periods  has  overflowed 
this  region,  and  were  colored  by  the  iron  in  the  rock.  Some  beds 
were  found  where  this  process  of  decomposition  seems  not  to  have 
been  complete,  for  the  textuse  of  the  material  was  coarse,  containing 
grains  and  small  fragments  of  the  rock  incorporated  with  the  clay, 
fant  the  finer  m»lerials  were  aU  of  the  same  reddish  or  yellow  color. 
The  bine  clay  differed  from  the  red  in  some  of  its  characteristics. 
When  foxind  in  thin  seams  near  bed-rock,  it  was  tough  and  plastic, 
but  when  found  in  conaiderable  bodies  at  higher  levels  it  ooD' 
tained  quite  an  appreciable  portion  of  fine  sand.  When  dry  it  was 
hard  to  pick,  and  a  vertical  bank  would  stand  without  support. 
When  placed  in  water  it  soon  crumbled  into  an  inoohesive  mass.  The 
general  characteristics  of  this  clay  indicate  its  sedimentary  origin,  in 
aome  deposits  small  pieces  of  wood  and  water-worn  pebbles  being 
found  in  connection  with  it.  In  his  later  treatment  of  this  material, 
the  writer  has  described  it  as  "  blue  qtticksandy  clay  "  as  best  indicat- 
ing its  character. 

Owing  to  the  loose  material  on  the  face  of  the  nntrimmed  bank  at 
Reservoir  No.  4,  the  extent  of  the  slip,  referred  to  above,  was  not 
determined  for  several  days,  and  it  was  thought  to  be  merely  a  local 
slip  which  extended  but  a  few  feet  above  the  berm  at  the  top  of  the 
reservoir  slope.  In  fact,  there  was,  at  about  this  time,  and  near  the 
same  point,  a  local  slip  extending  a  few  feet  into  the  bank,  which  was 
subsequently  refilled  and  a  part  of  the  parapet  wall  and  slope  lining 
built  over  it. 

After  a  few  days'  observation  of  the  movement  of  this  slide,  it  was 
fonnd  that  the  break  in  the  ground  extended  about  200  ft.  south  and 
100  ft.  north  from  the  point  where  it  first  appeared,  making  a  total 
length  along  the  reservoir  slope  of  approximately  300  ft.     When  first 
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observed,  and  for  seTeral  dajs  thereafter,  the  moTement  iras  at  the 
rate  of  J  in.  per  daj,  bnt  this  did  not  continue  long. 

The  plan  adopted  to  orercome  thia  difficulty  was  to  bnild  a  con- 
crete retaining  wall  in  front  of  the  slip  and  below  the  reservoir  lin- 
ing.     This  wall  was  of  the 
dimensioDS  shown  in  Fig.  1, 
for  a  total  lei^th  of   about 
320  ft. 

At  the  time  this  wall  was 
being  bnilt,  a  drainage  tunnel 
was  constructed  in  the  rear  of 
the  wall,  following  as  closely 
aa  possible  the  seam  dividing 
the  blue  clay  from  a  deposit 
of  yellow  clay  with  a  mixture 
of  loose  rock,  which  was  found 
to  be  water-bearing.    The  tun- 
nel extended  the  full  length  Fig.  i. 
of  the  buttress,  and  from  60  to  100  ft.  westward  therefrom.     Seyerol 
small  pockets  of  water  were  tapped  and  drained  into  the  sewer  through 
pipes  laid  in  this  tannel  during  its  construction. 

After  the  completion  of  this  wall  it  was  observed  carefully  for  some 
days,  and,  no  farther  movement  appearing,  it  was  thonght  that  the 
retaining  wall  and  drainage  tunnel  acting  in  aoninnction  had  been 
effective  in  checking  the  movement.  Accordingly,  the  lining  of  the  west 
elope  was  completed  and  the  reservoir  made  ready  for  use  in  accordance 
with  the  original  design.  The  filling  of  the  reservoir  was  completed 
on  I>eceml>er  17th,  1894. 

The  work  at  Reservoir  No.  3,  the  upper  or  high-service  reservoir, 
will  be  described  next. 

Early  in  September,  1894,  the  work  on  this  reservoir  bod  pro- 
gressed so  for  that  the  lining  had  been  completed  on  the  bottom  and 
the  west  slope,  when  the  discovery  was  made  that  the  concrete  lining  in 
the  bottom  had  bulged  up  at  one  point,  just  north  of  the  center,  from 
some  cause  then  unknown.  A  few  days  later,  September  8th,  this  break 
was  repaired,  bat  before  the  end  of  the  month  another  one  was  discov- 
ered in  the  bottom,  near  the  foot  of  the  west  slope  and  opposite  the 
former  break.    This  time  the  difficulty  was  thought  to  be  due  to  quick-   . 
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Band  and  clay  in  the  bank  behind  the  facing  of  more  stable  materials 
upon  which  the  slope  lining  had  been  laid. 

To  meet  the  difficulty  encaanteted  at  this  point  it  vae  decided  to 
constmot  a  concrete  buttress  wall  about  100  ft.  in  length,  and  of  the 
general  dimensions  shown  in  Fig.  2. 


ill- 


At  the  same  time  that  the  constmotion  of  this  buttress  wall  was  in 
progress,  work  woe  begun  on  a  drainage  tunnel  to  run  into  the  bank 
west  of  the  reHerroir,  at  the  berm  level,  for  the  purpose  of  draining 
away  any  water  which  might  reach  the  reservoir  from  that  direction. 
The  construction  of  the  buttress  wall  and  the  drainage  tunnel  at  the 
berm  level,  oconpied  about  one  month,  and  occasioned  some  delay,  but 
the  reservoir  was  completed  and  ready  for  use  early  in  December. 

The  photograph.  Fig.  2,  Plate  V,  was  taken  on  September  22d,  1897, 
looking  to  the  west  from  a  point  in  the  City  Park,  about  160  ft.  north- 
east from  Oate-houae  No.  3.  On  the  left  can  be  seen  a  portion  of 
Beservoir  No.  4,  with  the  rip-rap  on  the  west  slope  above  the  roadway. 
In  the  center  can  be  seen  the  gate-house  and  a  portion  of  the  dam  and 
basin  of  Keaervoii  No.  3,  with  the  graded  slope  extending  to  the  Park 
boandaty.  The  clump  of  trees  at  the  left  of  the  center  is  at  the 
southwest  comer  of  the  City  Park. 

The  highest  point  of  the  ridge  shown  near  the  center  is  approxi- 
mately 2800  It.  distant,  and  400  ft.  above  Beservoir  No.  3. 

On  the  right  can  be  seen  a  portion  of  the  btttttess  bnilt  against 
the  weet  slope  of  Reservoir  No.  3. 
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No  further  movement  of  the  bank  was  observed  nntil  the  very  day, 
December  14th,  1894,  the  reBervoir  was  being  filled,  when  tvo  cracks 
in  the  bottom  were  discoyered  near  the  eonth  end  of  the  battress 
completed  bnt  a  short  time  before,  but  the  full  eigniflcance  of  these 
new  cracks  was  not  dieooTered  until  after  the  reeervoir  had  been  filled. 
Directions  were  given  at  once  to  have  the  reeervoir  emptied,  which 
was  accomplished  on  December  Wth. 

From  the  examination  which  followed  the  draining  of  the  reservoir 
it  was  couclnded  that  the  difficnltj  was  caused  by  the  presence  of 
water  in  the  adjacent  bank  west  of  the  reservoir  basin,  and  steps  were 
at  once  taken  to  construct  a  drainage  tunnel  behind  the  reservoir  lin- 
ing, as  had  been  done  at  Beeerroir  No.  i  some  months  before,  bnt  this 
time  on  a  grade  parallel  with  the  bottom  of  the  reservoir  basin. 

This  tunnel  had  its  outlet  connecting  with  the  sewer  at  a  point 
between  the  power-house  and  Dam  No.  3,  and  was  located  along  the 
margin  of  the  bed  of  loose  rock  and  clay  which  explorations  had 
shown  to  exist  in  the  bank  on  the  west  of  the  reservoir.  The  oon- 
Btruction  of  this  tunnel  occupied  several  months,  and  when  it  had 
been  completed  along  the  entire  western  margin  of  the  reservoir  to  its 
northern  extremity,  at  no  point  more  than  100  ft.  from  the  foot  of  the 
reeervoir  slope,  it  was  thought  that  a  satisfootory  solution  of  the 
whole  difficulty  bad  been  reached.  Drain  pipes  were  therefore  placed 
in  the  bottom  of  the  tunnel,  and  the  excavated  material  was  replaced, 
in  the  expectation  that  all  needed  drainage  and  protection  work  had 
been  done. 

While  this  tunnel  work  was  in  pn^ess,  surveys  were  begun  for 
the  purpose  of  determining  the  extent  of  the  movement  at  both 
reservoirs.  The  indications  of  pressure  against  the  reservoir  walls 
were  more  pronounced  at  Reservoir  No.  4  than  elsewhere,  but  even 
there  they  were  not  so  serions  as  to  prevent  the  basin  being  at  least 
partially  filled  from  December,  1894,  until  the  following  September, 
The  first  evidence  of  pressure  gainst  the  walls  of  the  completed 
reservoir  was  noticed  abont  the  middle  of  Jannary,  1895,  or  a  few 
weeks  after  the  basin  was  first  filled,  when  a  small  crack  appeared  in 
the  west  parapet,  near  the  old  cable  railway  crossing.  Other  cracks 
soon  appeared,  increaaing  in  number  and  size,  until  the  middle  of 
April,  when  the  parapet  was  broken  is  sev^al  places  and  the  lining  was 
cracked,  pwollel  with  and  about  6  ft.  below  the  berm  walk,  for  a 
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distanoe  of  about  800  ft.  An  examination  made  at  this  time  showed 
that  the  upper  part  of  the  lining  and  a  portion  of  the  par^Mt  wall 
bad  been  lifted  dear  of  the  ground  and  the  wall  tilted  to  the  week. 

The  view  ehown  in  Fig.  1,  Plate  YII,  vaa  taken  on  September  2eth, 
1897,  looking  west  from  the  north  end  of  the  dam  at  Beeerroir  No.  4, 
and  showa  the  oracke  in  the  parapet  wall  and  the  west  elope,  indicat- 
ing a  movement  of  the  bank.  The  position  of  the  concrete  retaining 
wall,  bailt  under  the  elope  lining  dnring  the  ooQBtrnotioa  of  the  reser- 
voir, ia  indioated  by  the  upper  line  of  horizontal  cracka  about  midway 
on  the  slope.  The  retaining  wall  for  the  roadway  and  the  rip-rap  face 
of  the  original  excavation  are  shown  above  the  parapet  wall.  Breaks 
in  the  rip-rap,  due  to  the  slide,  can  be  traced  at  the  npper  left  mar^n. 

The  photograph  shown  in  Fig.  2,  Plate  VII,  was  taken  on  Septem- 
ber 38th,  1897,  looking  south  along  the  west  slope  of  Reservoir  No.  4, 
from  a  point  on  the  parapet  wall  in  front  of  the  power-honse.  It 
shows  the  oraok  in  the  outer  edge  of  the  inclined  roadway  and 
in  the  face  of  the  slope  above  the  sab-retaining  wall,  and  also  the 
breaks  in  the  parapet  wall  with  the  cotiorota  slope  lining  crowded 
nearly  to  the  top  of  the  wall  by  reason  of  the  pressure  of  the  mov- 
ing gronnd.  The  maximnm  observed  movemeut  of  the  parapet  wall 
from  December  31st,  1894,  to  October  11th,  1897,  was  3.24  ft. 

Soon  afterward,  that  portion  of  the  lining  above  the  crack  was  re- 
moved, and  after  this  had  been  done  the  parapet  returned  neatly  to 
its  original  position.  In  doing  this  work,  a  break  was  found  in  a  4-iD. 
pipe,  which  had  been  laid  under  the  berm  walk  for  the  supply  of  a 
teries  of  jets  around  the  roargia  of  the  basin;  and,  at  another  point 
on  the  same  pipe,  a  branch  was  found  to  have  been  plugged  with  con- 
oiete  instead  of  iron,  and  it  was  thought  that  these  defects,  by  allow- 
ing the  escape  of  water,  had  been  instrumental  in  cansing  a  settlement 
under  the  concrete  lining  and  parapet.  It  was  also  recalled  that  the 
breaks  appeared  first  near  the  point  where  a  short  seotion  of  the 
parapet  had  been  built  upon  made  ground,  on  account  of  a  small  slide 
which  occurred  before  the  reservoir  was  completed.  These  facta  are 
mentioned  simply  to  show  that  all  were  groping  in  the  dark  in  search 
of  some  explanation  of  what  was  taking  place  before  their  eyes.  The 
surveys  made  at  this  time  indicated  tbat  a  slight  movement  of  the 
parapet  wall  had  taken  place,  but  it  was  not  considered  sufficient  to 
explain  the  cracka  in  the  concrete  lining  and  parapet. 
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Doriiig  irane  aod  July,  1895,  the  slight  movement  which  had  been 
noticed  oeued  so  uearij  that  it  was  deemed  safe  to  begin  the  repair  of 
the  teservoiTB  in  order  that  they  might  be  used.  Aooordinglj,  Angiut 
and  September  vere  devoted  principally  to  thie  work.  While  repairs 
were  being  made  at  Beeervoir  No.  3,  additional  drains  were  laid  under 
the  floor  and  on  the  west  slope,  as  it  was  thonKbt  that  they  would 
prove  a  safeguard  to  protect  the  concrete  work.  Thiswasftvain  hope, 
however,  for  the  repairs  on  the  reservoirs  had  hardly  been  completed, 
and  the  basins  partially  filled  with  water,  before  it  became  apparent 
that  the  pressnre  from  the  adjacent  banks  was  as  great  as  ever.  This 
was  shown  by  the  appearance  of  new  cracks  in  the  lining  and  parapet 
walls,  and  by  the  increased  movement,  as  indicated  by  a  re-snrvey  of 
the  range  lines  established  during  the  previous  Jannary. 

The  repairs  referred  to  above  inclnded  an  increased  tbickneas  of  oon- 
crete  npon  the  reservoir  floor,  making  a  total  thickness  of  abont  10  ins. 
Prior  to  this  time  the  fonndation  of  the  bnttresa  moved  with  the 
pressure.  The  subsequent  movement  caused  the  wall  to  break  at  the 
angle,  from  1  to  6  ft.  above  the  reservoir  floor.  See  Figs.  1  and  3, 
Plate  Vin. 

This  view  was  taken  on  September  28th,  1697,  looking  west  txoia  a 
point  on  the  east  parapet  of  Reservoir  No.  3,  opposite  the  bnttress.  It 
shows  the  horizontal  crack  in  the  buttress  and  the  principal  breaks  in 
the  west  slope  and  parapet.  The  photograph  shown  in  Fig.  2,  Plate 
Vm,  was  taken  on  September  2Bth,  1897,  looking  south  from  a  point 
on  the  parapet  at  the  nortb  end  of  Beservoir  No.  3.  The  cracks  in  the 
bnttreea  are  shown  on  the  left.  At  the  right  margin  can  be  seen  the 
northern  limit  of  the  broken  parapet  and  slope  lining.  The  maximum 
observed  movement  of  the  parapet  from  December  Slst,  1891,  to 
October  11th,  1897,  was  l.t»  ft. 

From  statements  already  made,  it  will  be  seen  that,  from  the  first, 
□nmerons  theories  were  advanced  to  explain  the  cause  of  the  difflcnlty 
with  which  the  engiqeers  were  contending.  At  one  time,  the  move- 
ment at  Beservoir  No.  4  was  thought  to  be  due  entirely  to  a  deposit  of 
"  qnicksandy  clay  "  behind  the  buttress  which  had  been  bnilt  under 
the  lining  before  the  reservoir  was  completed.  The  tnnnel  was  then 
draining  considerable  water  from  the  vicinity  of  this  deposit,  bot 
apparently  without  effect. 

By  direction  of  the  chief  engineer,  during  March,  1685,  the  writer 
corresponded  with    Robert  L.    Harris,  M.  Am.    Soc    C.   E.,    einoe 


b,GoogIc 


PtATE  Vllt. 

PAPERS,  AM.  SOC  C.  E. 

MARCH,  l«04. 

CLAftKE  ON  A  PHENOMENAL  LAND  SLIDE. 


I, 'Google 


b,  Google 


Piip«R.]  A   PHEKOMXyAL  LARD  SLIDB.  186 

decsMed,  inqninng  if  his  prooeas  for  lundling  qoioksKitd  ooold  be 
used  to  adTsntage  in  solidiffing  the  material  in  sitoationB  eiinilar  to 
tluB,''which  was  described  to  him.  Mr.  Harris  stated  in  repl^  that  he 
did  not  think  thathia  ptoeesa  would  be  applicable,  and  said  bethought 
the  hillride  waa  moving  forward  on  a  seam  in  the  ola;  and  that  the 
movemeatwae  caused  b;  a  "hidden  spring,"  as  occurred  inaoaee  in 
his  own  practice  where  he  ran  a  tnnnel  to  the  spring,  and,  bj  remoTing 
the  water,  stopped  the  slide. 

The  csnse  of  the  moTement  sn^^ested  by  Hr.  Harris  waa  not  deemed 
to  be  within  the  bounds  of  possibility,  for  the  thought  of  the  move- 
ment of  the  whole  mountain  side  was  an  alarming  one,  bnt  when,  during 
the  antnmn,  it  was  noticed  that  the  movement  was  still  in  progress, 
even  after  the  lapse  of  several  months  of  dry  weather,  a  new  and  more 
Tigorons  search  waa  begnn,  in  order  to  determine  the  point  where  the 
slide  oonld  have  originated. 

The  writer  waa  cognizant  of  the  statements  that  had  been  made,  to 
the  effect  that  the  whole  hillside  was  part  of  an  old  elide,  bat  not  for  a 
long  time,  and  only  alter  repeated  examination,  waa  be  able  to  deter- 
mine, even  approximately,  the  boundaries  of  the  ground  which  might 
be  said  to  form  part  of  an"old  elide."  The  ground  adjacent  to  the 
reserroire  was  examined  carefully  for  surface  cracks  which  it  was 
thottght  would  certainly  appear  at  some  point  within  reach  of  an  ordi- 
nary alope  upward  from  the  reservoir  bottom.  That  such  snrfaoe  signs 
should  not  be  found  within  a  distance  of  600  ft.,  or  that  the  elope  of 
the  break  should  be  flatter  than  1  on  8,  was  then  undreamed  of  and 
not  deemed  to  be  within  the  bounds  of  possibility. 

Gradually  the  limits  of  the  examination  were  enlarged,  until,  on 
September  23d,  while  exploring  the  vicinity  of  the  old  cable  track  on 
Kmgaton  Avenue,  the  writer  detected  a  slight  bend  in  the  rails. 

During  the  week  following  this  discovery  further  explorations  were 
made,  and  instrumental  surveys  as  well,  which  resulted  in  locating  the 
head  of  the  slide  in  a  marshy  depression  in  the  hills  about  600  ft.  west 
of  the  cable  track,  and  some  1  700  ft.  or  more  from  the  reservoirs.  The 
"round  top"  or  knoll  apparently  at  one  time  formed  a  part  of  the 
ridge.  The  marshy  depression  in  front  of  the  knoll,  to  which  reference 
tae  been  made,  is  aemi-circnlar  in  shape,  about  800  ft.  long  and  from 
30  to  60  ft.  wide.  The  rim  of  the  basin  at  the  southeastern  end  was 
not  more  than  2  or  3  ft.  above  the  level  of  the  marsh,  and  therefore 
the  water  stored  could  not  have  been  of  a  greater  depth.    'When  dia- 
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oovered,  there  was  no  vatei  Btftnding  on  the  surface,  bnt  the  ground 
was  moist  in  places  and  covered  vith  swamp  grass,  weeds  and  bmsli. 
Sabseqnentlj,  the  peaty  formation  was  found  to  be  from  16  to  20  ft. 
deep,  with  clay  nndemeath. 

That  the  movement  must  have  been  in  progress  for  months,  or  yeATt, 
was  shown  hj  the  deflection  io  the  Alignment  of  the  cable  track  at  the 
center  of  the  slide,  which  amounted  to  2.2  ft.  mazimnm,  as  determined 
by  the  inBtrnoiental  observations,  assuming  that  the  track  was  laid  out 
originally  as  a  tai^ent  for  the  entire  distanoe  along  Kingston  Avenne, 
which  is  known  to  have  been  the  case.  The  examinations  also  showed 
the  entire  absence  of  all  surface  cracks,  parallel  with  the  reservoirs,  at 
any  point  between  the  reservoir  basins  and  the  swampy  ground  at  the 
head  of  the  slide.  A  sign  of  the  movement  was  found  at  one  interme- 
diate point,  however,  as  shown  in  Fig.  2,  Plate  VI.  This  point  was  st 
an  angle  in  the  cable  railway  in  its  western  course  np  the  hill,  and 
about  600  ft.  from  Reservoir  No.  4.  The  angle  in  the  track  at  this 
point  is  about  18°;  the  distortion  of  the  rails,  however,  when  fint 
noticed,  was  abont  one-third  as  great  as  shown  in  the  photograph,  the 
latter  not  having  been  taken  until  June  24th,  1898,  or  nearly  three  years 
after  the  movement  was  first  discovered. 

The  photograph.  Fig.  %  Plate  VI,  looking  west,  shows  the  angle 
in  the  cable-railway  track  just  east  of  Shaft  No.  6.  The  pressure  ot 
the  slide  has  warped  the  track  out  of  position,  the  roils  having  been 
bent  to  the  south.  When  this  movement  was  first  observed,  Septem- 
ber 26th,  1895,  the  lateral  movement  of  the  rail  amonnted  to  about  Sinn. 
As  shown  in  the  photograph,  the  rail  is  18  ins.  from  the  original  posi- 
tion, measured  at  fw  angle  of  60°  from  the  horiaontal.  A  similar 
movement  ot  the  north  track  has  taken  place,  but  it  does  not  show  in 
the  photograph.  Toward  the  top  of  the  picture  a  vertical  bend  in  the 
south  rail  of  the  south  track  can  be  distinguished.  This  point  is  at 
the  east  side  of  the  "  ball  ground  "  landing,  where  there  is  a  break  in 
the  grade.  It  has  been  observed  that  all  rail  joints  along  this  section 
of  the  track  are  tightly  closed. 

As  the  result  of  these  examinations,  it  was  decided  to  begin  at  once 
a  series  of  iustmmental  measurements  to  determine  whether  the  slid- 
ing ground  was  really  as  extensive  as  recent  developments  indicated. 
In  pnranance  of  the  plan  then  adopted,  several  range  lines  were  estab- 
lished, with  their  terminal  points  widely  removed  from  the  vicinity  of 
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the  aoBpeoted  groiutd,  each  line  faaTiog  a  number  of  mtennediBi«  ata- 
tioDfl  located  so  as  to  be  obsorred  eaail;  and  acoorately,  and  at  the 
same  time  be  on  supposedly  moving  ground. 

Daring  the  latter  part  of  1896,  and  the  first  six  months  of  1896, 
twenty-Dine  of  these  range  lines  were  established,  about  half  of  which 
were  obseired  at  inteTTals  of  aboat  one  month  lor  a  period  of  from 
three  to  Atb  years,  and  seversJ  have  been  observed  to  the  present  time. 
The  lines,  at  first,  were  established  ao  as  to  cover  a  wide  range  of  ter- 
ritory, for  it  was  thought  possible  that  the  movement  of  the  hillside 
might  be  more  extensive  than  then  appeared  from  any  visible  signs, 
and  therefore  several  of  the  ranges  were  extended  to  the  summits  of 
the  highest  ridges  in  sight  upon  the  north  and  south  sides  of  the  sup- 
posed sliding  ground.  After  a  few  months'  trial  the  observation  of 
these  long-range  lines  was  discontinued,  for  it  soon  became  evident 
that  the  movement  was  confined  to  the  ground  lying  to  the  west  of  the 
reservoirs  and  within  the  limits  of  the  ravines  extending  west  from 
the  City  Park. 

Some  range  lines  were  also  established  early  in  1696,  with  reference 
to  the  movement  of  the  parapet  wait.  When  it  became  apparent  that 
the  movement  extended  for  a  considerable  distance  from  the  parapet 
walls,  preference  was  given  to  observations  on  lines  having  points  set 
in  the  ground,  for  it  was  noticed  that  the  pressure  against  the  parapet 
wall  was  not  uniform,  and  that,  in  places,  the  wall  was  being  tilted  to 
the  west. 

In  1895,  when  most  of  these  range  lines  were  established,  no  sur- 
face signs  of  movement,  other  than  the  curvature  in  the  cable-railway 
tracks  and  the  breaks  in  the  lining  and  parapet  waUs  of  the  reservoirs, 
were  apparent  at  any  point,  excepting  a  few  small  cracks  in  the 
ground  in  the  vicinity  of  the  marsh  at  the  head  of  the  slide.  The 
snrface  of  the  ground,  between  the  reservoire  and  the  cable  road  on 
Eingaton  Avenne,  waa  searched  carefully  for  cracks  which  might  in- 
dicate the  extent  of  the  movement,  but,  contrary  to  all  expectations, 
no  crevice  could  be  detected  along  the  high  ground  adjacent  to  the 
reservoirs  and  parallel  with  them,  and,  strange  as  it  may  seem,  no  such 
orook  has  ever  been  observed,  with  the  exception  of  one,  about  125  ft. 
long,  neat  the  site  of  the  old  elk  bam  and  about  200  ft.  west  of  the 
power-house  and  Dam  No.  3.  This  oraok  did  not  appear  until  May, 
1896,  or  eighteen  months  after  the  reservoirs  were  excavated,  and  could 
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not  be  seen  loi^,  for,  haTing  been  onl;  a  traoe  along  the  soifnce,  it 
was  obliterated  enttrelj  in  a  lew  months.  Other  cracks,  of  a  larger 
size,  were  fonnd,  abont  this  time,  aronnd  the  margin  of  the  depree- 
eion,  or  marsh;  gronnd,  at  the  head  of  the  slide,  and  these  increased 
to  snoh  an  extent  that  daring  1897  the  oatline  of  the  movement  in 
that  Tioioitj  could  be  traced  b;  an  abnoet  oontinnons  break  in  th& 
ground. 

In  the  antamn  of  1895,  or  as  soon  as  it  became  apparent  that  the 
movement  extended  to  snch  a  great  distanoe  from  the  reservoirs,  the 
chief  engineer  directed  that  arrangements  be  made  to  determine  the 
depth  of  the  slide,  as  well  as  the  area,  in  order  to  ascertain  whether 
or  not  the  movement  was  along  or  near  the  surface  of  bed-rock. 

The  plan  decided  npon  for  securing  this  information  was  to  drill 
through  the  overlying  material,  and  into  the  rock,  with  an  ordinary 
well-boring  machine,  a  water- jet  being  used  to  remove  the  earth  and 
pulverized  rock.  This  work  was  in  progress  from  September  27th,  1896, 
until Uarch  Slst,  1896.  In  all,  twenty-five  holes  were  drilled,  aggre* 
gatingl  7101ia.  ft.  (BeePlatesIXandX.)  Theee borings  werelocated 
along  the  cable  track,  and  eaatward,  and,  snbBequentl;,  two  of  them 
were  fonnd  to  be  outside  of  the  limita  of  the  moving  ground.  The 
contract  for  this  work  apeoifled  that  the  holes  should  be  drilled 
through  the  overlying  strata  of  olaj  and  loose  rock,  and  K  ft.  into  the 
solid  bed-rock,  so  as  to  make  it  certain  that  the  drill  did  not  stop  at 
each  small  boulder  it  enconntered.  The  holes  were  i  ins.  in  diameter, 
and  were  cased  with  wronght-iron  pipe  which  was  driven  until  the 
lower  end  was  in  close  contact  with  what  was  thought  to  be  bed-rock. 

The  prices  paid  for  this  work  were  tl.25  per  linear  foot  for  earth 
or  loose  material,  and  (3.00  per  linear  foot  for  solid  rook,  where  the 
lioles  were  drilled  deeper  than  the  S  ft.  specified,  as  was  done  in  some 
instances.  These  prices  inoluded  the  use  of  the  plant,  and  labor  only, 
all  other  expenses,  for  oaaiag,  and  for  wood  and  water,  for  the  use  of 
the  engine,  being  extra,  the  total  cost  averaging  $1.68  per  linear  foot. 

After  the  holes  had  been  drilled  and  oseed,  the  next  thing  was  to 
devise  some  plan  by  which  the  depth  at  which  the  movement  was 
taking  place  oonid  be  determined  with  aocuraoy,  and  the  following 
was  decided  npon:  To  measure  the  depth  of  the  holes,  a  small  pipe, 
1  in.  in  diameter,  was  fitted  in  10-ft.  seotions  for  ease  in  handling. 
At  each  end  of  one  of  these  10-ft.  sections  there  was  fitted  a  flange. 
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aboat  8|  ma.  in  diameter,  which  nearly  filled  the  inside  of  the  well 
oaeing.  To  this  flanged  Motion  of  pipe  the  other  seotioDS  wer« 
oonpled  for  a  handle,  and  with  this  handle  the  flanged  eeotion  was 
pasaed  down  the  wall  casing  to  bed-rock. 

A  trial  of  thia  Bounding  rod  was  made  aoon  after  each  boring  ww 
oompleted,  and  in  all  caaee  it  wonld  pass  freely  to  the  bottom  of  the 
hole.  Snbseqaently,  this  trial  was  repeated  at  intervals  of  about  one 
month,  but,  after  one  or  two  trials,  it  was  found  that  the  pipe  flanges 
wonld  stick  in  the  casing  and  prevent  the  rod  from  reaching  the  same 
depth  as  npon  the  first  tri^  This  was  understood  to  mean  that  a  bend- 
ingot  the  well  casing,  caused  by  the  movement  of  the  slide,  was  taking 
place  at  abont  the  depth  reached  by  the  flanged  rod,  the  flanges  on 
the  bottom  section  preventing  the  rod  from  passing  the  bead  iB  the 
pipe. 

Sabaeqnent  explorations  showed  oonclnsiTely  that  measnrementH 
ofthedepthof  the  slide  made  with  these  rods  were  praotioally  correct. 
In  three  instancea  where  bends  in  the  casing  occurred  the  pipes  were 
di^  ont  afterward  and  were  found  to  be  badly  bent  or  broken  within 
1  ft.  of  the  depth  determined  by  the  sounding  rod.  In  most  of  the 
borings  made  the  movement  was  found  to  be  taking  place  at  or  near  the 
enrfaoe  of  the  bed-rook,  and  at  depths  varying  between  60  and  112  ft. 
below  the  surface  of  the  ground.  In  some  of  the  borings,  water  wonld 
rise  in  the  casingo  after  they  were  completed,  indicating  the  presence 
of  water  pockets  at  various  places  in  the  sliding  ground. 

The  necessity  for  an  improvemeut  of  the  drainage  of  the  sliding 
land  district  was  early  recognized,  and,  before  the  beginning  of  the 
autumnal  rains  in  1896,  by  permission  of  the  property  owners,  a  drain 
was  dug  through  the  southern  rim  of  the  basin  or  marshy  ground  at 
the  head  of  the  slide,  ao  as  to  convey  away  any  surface  water  which 
might  otherwise  aoonmulate  there  during  the  winter.  That  water  had 
accumulated  there  formerly  has  been  testified  toby  those  familiar  with 
the  locality,  but  probably  the  depth  did  not  riceed  *2  ft.  Hand-auger 
borings  were  also  made  in  the  marsh,  and  showed  that  the  peaty  for- 
mation on  the  surface  did  not  exceed  a  depth  of  20  ft.  and  was 
underlaid  by  a  bed  of  clay. 

While  this  work  was  in  progress  the  King  Real  Estate  Association 
was  besought  for  permission  to  fill  the  pool  in  the  depression  left  by 
them  west  of  the  cable  railway  embankment  at  the  time  the  grading 
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■WM  done  and  the  onlvert  built.  Tbie  cnlvert  or  BOwer  was  not  laid 
deep  enougli  to  drain  the  bottom  of  tbe  ravine,  and,  in  oonaeqnenoe,  a 
pool  of  water,  80  to  40  ft.  in  diameter,  and  from  8  to  6  ft.  deep  at 
the  center,  bad  aocnrntilated  there.  This  pool  was  kept  fnll  oonatantlj 
bj  the  drainage  from  eeveral  Hmall  apringe  whiob  oame  to  the  anrface 
in  the  bottom  of  the  ravine  above  the  railway  oroseing.  The  reqneet  of 
the  chief  engineer  for  permission  to  fill  this  pool,  at  the  expense  of 
tbe  Water  Committee,  was  granted  b;  the  propert;  owners,  after  aome 
little  time  had  been  taken  to  consider  the  matter,  and  the  work  was 
began  at  once.  Drains  for  the  removal  of  snrfaoe  water  at  points  ad- 
joining the  reservoirs  on  tbe  west  were  also  bnilt  and  connected  with 
the  sewers  constraoted  dnring  the  previous  jear. 

During  the  winter  of  1696<96,  and,  in  fact,  dnring  the  entire  year 
of  1806,  the  only  oonstrnction  work  done  in  connection  with  the  slid- 
ing land  was  to  see  that  all  ditches  and  drains  were  kept  open  so  aa  to 
carry  away  all  surface  drainage.  Surveys  of  the  range  lines  were  also 
made  regularly  each  month  to  determine  the  rate  of  the  movement. 
As  one  resnlt  of  these  repeated  observationa,  it  was  noted  that  there 
was  a  marked  increase  dnring  the  winter  or  rainy  months — eay, 
November  to  Hay,  inclnsive — and  a  oorreBponding  diminution  of  the 
movement  daring  the  remaining  months  of  the  year,  when  the  rainfall 
was  considerably  less. 

Dnring  1896,  the  cracks  in  the  reservoir  lininge  were  observed  to  be 
increaaing  slowly  in  number  and  size,  and,  for  the  porpoee  of  determin- 
ing what  effect,  if  any,  would  be  produced  thereby,  the  water  in  the 
reservoirs  was  drawn  down  and  at  times  the  baeins  were  entirely 
emptied.  Owing  to  the  cracked  and  broken  concrete  lining,  and  the 
absence  of  water  in  the  basins,  the  reservoira  soon  began  to  present  an 
unsightly  appearance. 

It  may  be  well  to  explain  here  that  the  quantity  and  quality  of  the 
water  delivered  to  the  city  has  never  been  affected  by  the  defective 
condition  of  the  City  Park  reeervoire.  The  reservoir  system,  as  de- 
signed and  built,  provides  that  the  reception  of  water  from  the  main 
conduit,  and  its  distribution  to  the  different  parte  of  the  city,  should 
all  be  done  through  the  medium  of  wrougbt-iron  or  steel  tanks,  one  of 
which  is  located  in  the  interior  of  the  gate-bouse  connected  with  each 
reservoir,  and  in  which  all  mains  are  centered.  The  reservoir  basins 
were  intended  for  storage  purposes  only.     In  some  instances  the  inflow 
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and  oatflow  nre  through  the  aune  pipe,  henoe  a  circnlMion  of  water 
tbrotigh  the  reBeryoir  cannot  be  mamtaised  without  overflow  into  the 
sewers.  The  total  estimated  oapacitj  of  the  four  reeervoirs  coDnected 
Kith  the  ejatem  is  66000000  galla.,  or  four  daje'  enpplj  for  the  city. 

The  temperature  of  the  water  delivered  in  the  city  during  the  Bum- 
mer months  ie  also  appreciably  cooler*  when  diatribated  through  the 
gate-chamben  direct  thau  it  is  when  atored  in  the  reeerroirs,  even  for  a 
few  houra,  andbence  is  more satiafaotory.  From  the  foregoing  Btat«- 
ments,  it  will  be  seen  that  the  delay  in  completing  the  reeervoirs  for 
use  has  in  no  way  detracted  from  the  general  excellence  of  the  water 
supply  fttniished  to  the  city  during  the  past  nine  years. 

Early  in  the  spring  of  1897  the  proof  that  water  in  the  nadergronud 
springe,  fed  by  percolation  from  the  surface,  was  a  prime  factor  in 
producing  the  slide,  if  not  the  ouly  originating  cause,  became  so 
conelnsive  that,  on  April  27th,  the  writer  addressed  a  letter  to  the 
chairman  of  the  Water  Committee,  explaining  at  considerable  length 
the  discoveries  thus  far  made,  and  the  reasons  for  believing  that  the 
removal  of  the  water  by  a  thorough  system  of  drainage  would  stop  the 
slide.  In  this  letter,  reference  was  made  to  a  drainage  project  and 
estimate  of  cost  which  had  been  prepared  by  the  writer  during  the 
preceding  year. 

A  few  weeks  later,  action  was  taken  by  the  Water  Committee,  look- 
ing to  the  engagement  of  a  consnlting  engineer  to  examine  the  sliding 
ground  and  report  on  the  beat  means  for  the  cure  of  existing  condi- 
tions, which  happily  resulted  in  securing  the  services  of  Q.  H.  Men- 
deU,  M.  Am.  Soc.  C.  E.,  Colonel,  Corpe  of  Engiueere,  U.  8.  A.  (since 
deceased),  for  the  inveetigation  of  the  problem. 

Colonel  Mendell  examined  the  reservoire  first  in  July,  1897,  and 
also  at  intervals  thereafter,  and  at  his  direction  certain  additional 
surveya  and  explorations  were  undertaken  which  resulted  in  the  dis- 
covery of  a  large  number  of  interesting  data  r^ardiug  underground 
conditious,  and  the  depth  and  cause  of  the  slide. 

In  order  to  avoid  all  uncertainties  regarding  the  character  of  the 
bed-rock  aud  the  overlying  earth,  Colonel  Uendell  approved  of  the 
suggestion  that  wells  or  shafts  be  excavated  to  bed-rock  by  hand,  and 
be  made  3|  x  3J  ft.  in  size,  instead  of  the  4-in.  borings  used  formerly. 
This  method  of  procedure  proved  to  be  very  successful,  and,  in  the 
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mam,  wu  followod  in  *11  anbBeqaent  explorations,  although  at  one 
time  the  boring;  maohiae  waa  again  nsed  for  a  few  veeke  in  ordedr  to- 
expedite  the  work. 

The  exoavatioD  of  the  open  shafts,  altbongh  more  expensive  than 
the  smaller  drilled  holes,  was  in  everj  wa?  more  satisfootorj,  for  it 
wan  then  poMsible  to  determine  the  character  of  the  bed-rock  and  the 
overlying  material  more  satiBfactorilj'  than  could  have  been  done  in 
any  other  way.  Eepeoially  waa  this  troe  of  the  seam  of  blue  clay 
adjacent  to  the  bed-rock,  forming  the  bed  of  the  "ancient  slide," 
which  has  played  saoh  an  important  part  in  all  later  studies  of  the 
problem. 

Work  on  these  wells  or  shafts  was  begnn  on  July  19th,  1897,  and 
prosecnted  almost  oontinnonsly  from  that  time  nntil  January  Mth, 
1899,  a  part  of  the  time  with  two  orews  of  men.  An  ordinary  wincb 
and  bucket,  worked  by  hand,  was  used  tor  removing  the  excavated 
material.  It  was  fonnd  necessary  to  use  curbing,  from  the  snrfaoo' 
down,  2  X  S-in.  fir  plank,  notched  at  the  comers,  being  need  for  this 
purpose.  Twenty-two  shafts,  in  all,  were  excavated,  having  aD 
aggregate  depth  of  1  i97  ft.,  with  454  lin.  ft.  of  tunnel  connected  viith 
the  same.  While  this  wotk  was  in  progress,  nine  additional  borings, 
aggregating  677  lin.  ft.,  were  made  for  the  purpose  of  expediting  the 
work  and  in  order  to  fill  in  certain  areaa  where  the  character  of  the 
material  was  not  known  with  sufficient  aoooraoy  and  it  was  mainly  de- 
sired to  determine  the  depth  of  the  earth  overlying  the  bed-rook. 
The  location  of  the  shafts  is  shown  on  Plate  IX,  and  in  Fig.  S,  which 
shows  some  prQfllea  through  the  center  of  the  slide.  Sections  of  the 
shafts  and  borings  are  shown  on  Plate  XI. 

The  shaft  excavations  and  borings  were  made  experimentally,  the 
discoveries  at  one  shaft  awakening  inquiry  and  suggesting  investiga- 
tions at  another  point,  and  so  on  until  a  much  larger  field  was  covered 
and  more  work  done  than  waa  anticipated  at  first.  A  number  of  sur- 
prising developments  reaulted  from  this  series  of  investigations,  par- 
ticularly as  to  the  character  of  the  material  between  the  surface  and 
bed-rock,  and  the  eiintence  of  a  well-defined  seam  of  clay  near  bed- 
rook  which  gave  ample  evidence  of  being  the  bed  of  the  slide.  In  cer- 
tain localities  an  nnexpectedly  large  quantity  of  water  waa  fonnd  in 
connection  with  the  clay  seam  lying  upon  or  near  the  Burfaoe  of  the 
bed  rock,  and  much  attention  was  given  to  investigations  of  the 
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Bonree  and  esteat  of  this  andergroimd  water  anpply,  for  by  this  time 
it  bad  come  to  be  fnllj  realized  that  water  in  the  eeame  of  the 
material  oomposiag  the  hillside  waa,  chiefly,  the  originating  cause  of 
the  movement. 

The  first  excavation  made.  Shaft  No.  1,  was  on  the  line  between 
the  King  and  Garter  claims,  near  the  axis  of  the  elide  and  aboat  900 
ft.  weet  from  Beeerroir  No.  i,  while  Shaft  No.  2  was  abont  250  ft.  far- 
ther east.  These  sliBtts  were  located  at  these  pointa  simply  beoanse 
they  would  thus  practically  cover  a  large  part  of  the  territory  ad- 
jacent to  the  reservoirs  which  remained  unexplored  at  the  oonolnsion 
of  the  work  of  the  prerions  season.  The  discoveries  made  at  these 
points  were  most  enrprising,  and  had  an  important  bearing  npon  all 
the  later  investigations,  A  detailed  statement  of  the  peculiar  charoo- 
teristicB  of  the  material  found  in  each  shaft  and  boring  will  be  fooud 
on  Plate  XI,  but  it  may  be  of  interest  to  refer  briefly  to  some  of  the  . 
mor«  important  disooveriee  made. 

Shqft  Jfo.  1. — The  excavation  of  Shaft  No.  1  was  begun  on  July 
19th,  1897,  and  completed  on  Jannary  8lst,  1898.  The  elevation  of 
the  surface  was  436  ft.  above  the  city  datum  in  use  in  1894,  which  was 
about  the  elevation  of  low  water  in  the  Willamette  River.  From  the 
surface  to  a  depth  of  13  ft. ,  a  grayish  quicksondy  clay  waa  fonnd.  It 
nfaonld  be  stated  that  the  original  surface  of  the  ground  had  been 
removed  when  the  streets  and  lots  were  graded  and  the  conseqaeot 
cutting  down  of  ridges  and  filling  of  ravines  was  accomplished.  The 
total  depth  of  excavation  was  75  ft. 

At  13  ft.  a  hard,  blue,  sandy  clay  was  found,  upon  the  top  of  which 
a  small  quantity  of  water  collected.  At  25  ft.  the  blue  clay  was  found 
mixed  with  fragments  of  rook,  quite  soft,  and  nearly  disintegrated.  At 
26  ft.  a  crack,  1  in.  wide,  was  noticed,  having  a  northeast  and  sonth- 
west  course,  but  it  was  soon  lost.  The  ground  at  that  depth  was  quite 
solid.  The  blue  clay,  mixed  with  rook,  continued  to  a  depth  of  48 
ft.,  where  was  found  a  blue,  sedimentary  clay  without  any  admixture 
of  broken  rock.  At  this  depth  some  small  fragments  of  wood  were 
found,  which  were  apparently  of  fir.  They  were  much  discolored, 
bnt  veil  preserved,  the  grain  of  the  wood  showing  distinctly.  The 
pieces  of  wood  found  in  the  shaft  aggregated  about  J  cu.  ft.  in  vol- 
ume. This  blue,  sedimentary  clay  continued,  practically  unchanged, 
to  a  farther  depth  of  15  ft.,  or  to  68  ft.  below  the  surface.     At  50  ft. 
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foul  air  was  eaoonntered,  moving  it  neoessatj  to  put  in  a  Tentil&tmg 
shaft,  whioh  conBinted  of  a  email  box  in  one  oomer  of  the  shaft,  at 
the  lower  end  of  which  ■  small  fire  was  maintained.  A.  fev  feet  below 
this  level  a  thin  layer  of  material,  Tery  black,  toagh  and  dry,  wan 
fonnd.  At  68  ft.  was  fonnd  a  mixture  of  bine  and  yellow  clay, 
mingled  with  broken  rook  in  which  a  water-worn  or  well  ronnded 
stone,  2|  ins.  in  diameter,  was  fonnd.  Until  this  stratnm  of  clay  and 
rook  had  been  penetrated  10  ft.,  or  to  a  depth  of  66  ft.  below  the  snr- 
faoe,  little  difflcnlty  waa  cansed  by  gronnd-water,  whioh  collected  in 
the  shaft  only  at  the  rate  of  from  20  to  40  galls,  per  day.  At  68  ft., 
the  clay  at  the  west  aide  of  the  shaft  was  dark  blue,  nnmixed  with 
rock,  some  piecea  of  clay  having  smooth  faces.  At  this  depth  the 
flow  ot  water  increased  suddenly,  so  that  the  shaft  was  filled  to  a 
depth  of  18  ft.  in  one  night.  The  next  day  the  water  was  bailed  ont, 
and  excavation  was  continned.  Ihiring  the  following  night  the  shaft 
was  filled  again,  this  time  to  a  depth  of  20  ft.,  the  flow  being  at  the 
rate  of  1.8  galls,  per  minate.  After  contending  with  this  flow  of 
water  tor  several  hours,  the  shaft  was  deepened  an  additional  foot, 
or  to  69  ft.  below  the  surface,  more  pieces  of  clay  being  found  with 
smooth  upper  faces.  At  6  F.  m.  on  August  6tb,  1897,  just  as  the  men 
were  quitting  work  for  the  night,  the  flow  of  water  increased  suddenly 
to  40  galls,  per  minute,  rising  in  the  shaft  33  ft.  in  one  honr.  The  next 
morning  it  stood  within  8J  ft.  of  the  su^ace  of  the  ground,  making  a 
total  rise  of  60^  ft.  in  12  hours. 

The  flow  of  water  in  the  shaft  was  so  strong  as  to  render  hopeless 
the  task  of  lowering  it  with  an  ordinary  windlass  and  bucket,  and, 
therefore,  it  was  decided  to  install  a  deep-well  pump,  run  by  steam 
power,  in  order  to  drain  the  shaft  sufficiently  to  proceed  with  the 
excavation.  This  waa  done  at  onee,  and  the  pumps  were  in  operation 
on  August  19th,  but  at  that  time  there  was  but  little  appreciation  of 
the  magnitude  of  the  task,  for  it  was  not  until  January  Slst  that  the 
work  was  completed  and  the  pumps  removed. 

Beginning  with  two  small  pnmps,  with  about  3^  x  18-in.  cylinders, 
the  nomber  of  pumps  was  increased  to  four  before  any  appreciable 
headway  oonid  be  made.  The  estimated  oapaoity  of  all  four  pumps 
was  68  galls,  per  minute.  By  using  four  pumps  it  was  practicable  to 
lower  the  water  nearly  to  the  bottom  of  the  shaft  without  continuous 
pumping,  but,  by  resting  half  an  hoar,  the  water  would  rise  in  the 
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sbftft,  aadjpampuig  had  to  be  reanmed.  B;  noting  the  diminishing 
height  to  which  the  water  roee  during  the  hftU-hont  intaryal  of  rest, 
some  idea  was  obtained  as  to  the  progress  whioh  was  being  made  in 
draining  the  nndergronnd  reservoir.  At  first,  the  water  would  rise 
from  U  to  16  ft.  in  half  an  hour,  while  toward  the  end  the  rise  was  not 
more  than  one-qaarter  of  that  amount  in  the  same  time.  During  a 
portion  of  the  time,  in  order  to  expedite  the  work,  the  pumps  were  mo 
day  and  night. 

Toward  the  latter  part  of  January,  1S98,  the  flow  diminished  to 
ancb  an  extent  that  it  was  practicable  to  dispense  with  two  of  the 
pumps,  thus  giving  room  to  work  in  the  bottom  of  the  shaft  while 
pumping  was  in  progress.  After  an  effort  lasting  several  days,  the 
layer  of  loose  rook,  underlying  the  elay  seam  heretofore  mentioned, 
was  penetrated,  and,  »t  a  depth  of  76  ft.,  bed-rook  was  reached  and 
found  to  be  oomparatively  smooth  and  froe  from  fissures.  Above  the 
bed-rook,  at  the  east  aide  of  the  shaft,  a  plainly  defined  movement 
scam  was  uncovered,  having  5  ins.  of  dark  blue  clay  above  the  line  of 
cleavage,  with  fine  broken  rook  between  the  olay  and  the  solid  bed- 
rook.  The  inclination  of  the  olay  seam  was  eastward,  approximately 
2.6  ft.  in  the  width  of  the  shaft. 

The  line  of  cleavage  in  the  stratum  of  olay  was  defined  very 
clearly.  The  apper  and  lower  portions  of  the  stratum  could  be 
easily  separated  along  the  line  of  cleavage,  and  the  faces  whioh  had 
been  in  contact  presented  uniformly  a  smooth  and  glased  appear- 
ance. When  first  exposed,  the  snrfaoee  were  bright  and  shining,  as 
thoagh  they  had  been  varnished,  bnt  when  dry  the  color  was  of  adnll 
and  leaden  hue.  There  y/ere  slight  ridges  or  inequalities  in  the  sur- 
faces, mnniug  east  and  west,  showing  the  presence  of  grains  of  rock 
or  some  hard  substance,  and  indicating  also  that  movement  had  been 
taking  place  along  the  plane  of  the  two  surfaces.  The  excavation  was 
carried  below  the  main  water-bearing  stratum,  which  appeared  to  be 
above  the  olay  seam. 

On  January  3lst,  1S06,  after  the  excavation  had  been  oaniod  to 
bed-rock,  the  pompinK  was  discontinaed.  The  total  quantity  of 
water  pumped  from  the  shaft  from  August  Idtb,  1697,  to  January  81st, 
189B,  was,  approximately,  8  936  000  galls. 

Ueasnrements  made  cm  Felnmary  16th,  1898,  showed  that  the 
water  level  in  the  shaft  had  been  lowered  51  ft.  by  the  removal  of 
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neorljr  4  000  000  gftllii.  of  water.  After  tbe  cesMtion  of  pnmpiDg,  the 
water  ooDtinaed  to  riae  slowly  nntil  Uarch  2d,  1899,  vb«n  it  stood 
at  Elevation  (435),  or  level  with  tbe  sarfaoe  of  tbe  ground.  It  was 
afterward  noted  tbat  tbere  was  a  eligbt  falling  awaj  during  the  dry 
BeaaoD,  followed  by  a  complete  loeovery  during  the  winter. 

The  Tiew  shown  in  Fig.  S,  Plate  VI,  was  taken  on  September  28th, 
1897,  looking  north  from  the  enmmit  of  the  ridge  near  the  old  ball 
gronnd  aontb  of  the  reeerToira.  On  the  right  can  be  seen  the  dam, 
gate-hooae  and  abont  half  of  Beaervoir  No.  4,  and  also  the  power- 
honse  and  the  gate-house  and  principal  part  of  Beaerroir  No.  8.  To 
the  west  of  the  pover-honae  and  Beaervoir  No.  i  is  shown  the  roadway 
and  tbe  rip-rapped  slope  above  it,  and  beyond,  and  farther  to  the  left, 
is  the  small  grove  at  the  sonthwest  corner  of  the  City  Park.  StiU 
farther  west  can  be  aeen  tbe  terraced  groond,  with  tbe  temporary 
pump-shed  at  Shaft  No.  1  atandiog  near  the  center. 

Shaft  yo.  2. — Vhile  the  work  on  Shaft  No.  1  was  in  progress,  tbe 
other  Hhafts  were  also  being  excavated.  Shaft  No.  2,  one  block  east 
of  Shaft  No.  1,  and  alao  on  the  line  between  tbe  King  and  Ororer 
claims,  tbe  snrface  elevation  being  (408),  was  began  on  Jnly  19th,  and 
completed  on  Angnst  2(ith,  1897.  The  total  depth  of  the  shaft  was 
113  ft. 

The  same  grayish,  qnicksandy  material  fonnd  near  the  Bnrface  of 
Shaft  No.  1  was  fonnd  here  to  a  depth  of  17  ft.,  and  below  that  a 
stratum  of  yellowish  sand,  6  ft.  thick.  At  12  ft.  below  the  anrfaoe,  a 
vertical  crack,  i  in.  wide,  ranning  northeast  and  sonthwest,  was 
noticed,  the  material  vest  of  the  crack  being  yellow,  while  tbat  on 
the  east  side  waa  of  a  blniah  color,  Tbe  excavation  followed  tbe 
crack  for  abont  7  ft.  only.  From  2S  to  45  ft.  the  material  waa  princi- 
pally very  hard  sand.  From  46  to  53  ft.  yellowish  clay  mixed  with 
broken  rook  was  fonnd.  From  58  to  71  ft.  tbe  material  was  princi- 
pally sand,  similar  to  that  between  23  and  4fi  ft.,  and,  in  ]>laoes,  was 
Tery  hard  to  pick.  From  71  to  106  ft.,  grayish,  honeycombed  cook, 
foil  of  aeams,  with  some  earth,  was  found.  In  aome  places  the  mate- 
rial waa  hard,  and  in  other  places  it  coold  be  picked  easily.  At  106  ft. 
the  material  was  quite  loose,  with  aome  piecea  of  dark  bine  olay. 
Here  20  galls,  of  water  collected  in  one  hoar.  From  106  to  110  ft. 
small  stones  mixed  with  coarse  sand  were  fonnd.  At  112  ft.,  solid 
took,  free  from  aeams,  was  fonnd,  with  a  dip  to  the  east  of  about  1  on 
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3.5.  There  was  a  stratam  of  dark  bine  clay  1  ft.  thick  on  top  of  the 
rook.  The  line  of  the  slide  vas  defined  clearly  near  the  bottom  of  the 
olaj.  Since  the  completion  of  thia  shaft  the  water  has  never  collected 
to  a  greater  depth  than  7.6  ft. 

Shqft  Xo.  3. — In  excavating  Shaft  No.  1  it  was  noticed  that  the 
water  at  the  bottom  of  the  ehaft  came  from  the  northweet,  whiuh  fact 
called  renewed  attentioQ  to  the  springs  in  that  direction  and  west  of 
the  old  "pool,"  to  which  reference  has  alreadj  been  made.  It  was 
therefore  decided  to  sink  Shaft  No.  8  near  the  west  end  of  the  ravine 
in  which  these  springe  were  situated. 

The  elevation  of  the  surface  was  (467.6).  The  depth  of  the  excava- 
tion was  10  ft.  Excavation  was  begun  on  August  9th,  1897,  and 
abandoned  the  next  daj,  as  the  location  was  found  to  be  too  near  the 
margin  of  tbe  moving  ground  to  afford  the  information  desired. 

For  the  first  6  ft.  yellowish  cla;  and  logs  were  found  intermingled. 
A.  small  quantity  of  water  came  from  seams  in  the  rock  at  the  north 
end  of  the  pit.  When  work  was  suspended,  the  materials  found  were 
clay  at  the  south  end  of  the  pit  and  loose  rook  at  the  north  end. 

In  regard  to  the  springs,  the  owner  of  the  property  stated  that  the 
flow  of  water  was  much  less  than  when  he  first  examined  the  ground, 
perhaps  forty  years  ^o,  the  springs  formerly  furnishing  a  water  snpply 
for  some  of  the  buildings  on  the  eastern  border  of  the  property. 

Shaft  No.  4. — The  point  next  selected  for  examination  wss  a  few 
feet  north  of  the  claim  line  and  a  abort  distance  from  the  western  end 
of  the  moving  ground,  the  surface  elevation  being  (630.6).  The  depth 
of  the  excavation  was  73  ft.  Excavation  was  begnn  on  August  11th 
and  completed  on  August  23d,  lti97. 

From  the  surface  down  for  a  depth  of  6  ft.,  the  material  was  yellow 
clay,  and  below  that  was  found  19  ft.  of  bluish  clay.  From  26  to  43 
ft.,  were  found  gray  and  yellow  clays  which  were  quicksandy  in  places. 
From  43  to  72  ft.,  the  material  was  chiefly  red  clay  mixed  with  small 
pieces  of  porous  rock.  Between  44  and  46  ft.  the  clay  was  very  plastic 
and  was  yellow  when  dry.  At  this  level,  160  galls,  of  water  collected 
in  one  night.  From  72  to  73  ft.,  a  layer  of  dark  blue  clay  resting  upon 
rook  was  found.  The  surface  of  the  rock  could  be  picked  to  tbe 
depth  of  6  ins.,  but  below  this  it  was  bard.  The  rock  dipped  slightly 
to  the  east.  The  line  of  the  movement  seam  was  deflned  clearly  be- 
tween the  depths,  72  and  73  ft.,  and  oonHisted  of  about  1  in.  of  red  or 
yellow  clay  resting  upon  blue  clay,  with  solid  rook  underneath. 
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This  shaft  being  ne&r  the  border  of  the  moving  gronnd,  it  was 
next  determined  to  run  a  tannel  along  bed-roak  nntil  ibe  northern 
limit  of  the  slide  ehonld  be  reached,  if  this  could  bo  fonnd  within  a 
reftson&ble  distance.  The  slope  of  the  rock  being  easterly,  the  tnnnel 
was  started  in  a  northwesterly  direction,  in  order  to  provide  for  drain- 
age. This  work  was  began  on  Angoat  26th  and  completed  on  Septem- 
ber 16th,  1897.  The  securing  of  proper  ventilation  for  the  shaft  and 
tnnnel  proved  to  be  quite  a  hindrance.  As  the  tunnel  waa  expected 
to  be  only  a  temporary  affair,  it  was  made  aa  amatl  as  could  be  worked 
oonveniently,  about  3x5  ft.,  and  was  not  timbered  thoroughly.  The 
material  enconutered  was  similar  to  that  in  the  shaft,  being  chiefly 
reddish  cla;  mixed  with  fragments  of  porous  rook.  The  tnnnel  fol- 
lowed the  top  of  the  stratum  of  blue  olay;  the  dividing  line  between 
the  blue  clay  and  the  red  clay  and  gravel  being  plainly  marked. 

At  28  ft.  from  the  shaft  was  fonnd  a  seam  of  bine  claj,  1  in.  thick, 
with  smooth  faces,  showing  pressure,  but  not  furrowed.  The  dip  of 
the  seam  was  3  ins.  in  2  ft.,  and  to  the  northeast.  At  82  ft.  a  plainly 
defined  crack  was  found  which  was  nearly  vertical  and  crossed  the 
tunnel  nearly  parallel  with  the  break  in  the  surface  of  the  ground, 
which  marked  the  margin  of  the  slide  opposite  that  point.  When  ap- 
proaching this  craok  the  breast  of  the  tunnel  fell  in,  showing  tbe  line 
of  tho  movement  seam.  Beyond  the  craok,  the  material  was  cemented 
and  mnoh  harder  than  anything  found  before,  some  large  pieces  of 
rock  appearing  in  the  face.  From  measurements  made  at  the  tunnel 
level,  and  also  at  the  snrface  of  the  ground,  the  slope  of  the  mn  of 
the  slide  at  that  point  was  determined  as  approximately  9^  vertical  to 
1  horizontal. 

During  the  excavation  of  the  shaft  and  tnnnel,  the  water  draining 
from  the  ground  caused  little  trouble  nntil  a  point  near  the  bottom 
was  reaohed.  The  quantity  which  collected  each  night  gradually  in- 
oreaaed  from  8  galls.,  when  at  a  depth  of  25  ft.,  to  120  galls.,  when  at 
the  bottom,  with  the  exception  of  one  night,  already  noted,  when,  at 
a  depth  of  44  ft.,  the  quantity  collected  was  160  galls.  Tbe  drainage 
was  principally  from  the  north.  After  the  completion  of  the  tunnel, 
the  water  collected  for  some  days  at  the  rate  of  20  to  26  galls,  per 
hour,  and  in  about  two  weeks  it  bad  filled  the  tunnel  and  shaft  to  the 
depth  of  17.6  ft.  In  February,  1898,  the  water  stood  at  Elevation 
(614.9)  or  at  a  depth  of  66.4  ft.,  but  the  ordinary  depth  woa  from  26 
to  40  It. 
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During  the  period  covered  by  the  obserTatioDe  the  variations  in 
the  witter  level  at  this  shaft  were  much  more  marked  than  at  anj  other 
point  obeetved.  The  rise  which  took  place  within  a  daj  or  two  after 
a  heav;  ninfall  waa  eapecially  noticeable.  As  a  possible  explanation 
of  this  sudden  rise,  it  maj  be  noticed  that  the  shaft  is  at  the  foot  of  a 
steep  bank  where  the  coating  of  fine  sotfaoe  earth  is  comparativelj 
thin  a^d  the  nnderlfing  material  probably  more  than  nsnally  porons. 
The  tnonel,  having  a  direct  connection  with  the  crack  reaching  to  the 
surface,  ma;  also  have  had  some  effect.  It  maj  be  noted,  also,  that  at 
this  point,  and  at  all  other  shafts,  the  surface  aronnd  the  opening  was 
protected  against  direct  drainage  into  the  well. 

^haft  No.  5. — Work  at  this  point,  located  about  400  ft.  west  of 
Dam  No.  3,  was  begun  on  August  23d  and  completed  on  September 
21st,  1897.  The  surface  elevation  was  379.6.  The  depth  of  the  exca- 
vation was  101.4  ft.  For  the  first  6  ft.  the  excavation  v:as  through  an 
old  embankment  made  when  the  propertj  was  being  graded.  Next 
was  found  11  ft.  of  yellow  surface  earth  and  below  that  40  ft.  of  gray- 
ish,  porous  rock,  growing  border  toward  the  bottom,  where  it  was  full 
of  seams,  and  similar  to  that  found  in  Shaft  No.  2  at  about  the  same 
elevation.  Next  below,  a  2-ft.  layer  of  small  stoues  and  coarse  sand, 
cemented,  was  found,  followed  by  6  ft.  of  hard  basalt  in  small  pieces, 
which  could  be  removed  with  a  pick.  Below  that,  for  a  further  dis- 
tance of  80  ft.,  rock  of  the  same  general  oharaotor  continued.  The 
fragments  of  rook  were  mostly  small  (one  layer,  several  feet  in  thick- 
ness, consisting  of  pieces  of  rock  ^  in.  to  2  ins.  in  diameter  and  so 
loose  as  to  require  the  use  of  curbing),  except  near  the  bottom,  where 
larger  blocks  were  found,  some  of  which  had  to  be  broken  before 
they  oonld  be  removed  from  the  shaft.  Below  the  larger  pieces  of 
rook  came  3  ft.  of  yellow  clay  mixed  with  small  fragments  of  rock, 
and  then  came  another  layer,  of  about  the  same  thickness,  of  very 
loose  material,  consisting  chiefly  of  fragments  of  rock  1  in.  in  diam- 
eter and  smaller,  with  sand  and  clay,  upon  the  bottom  of  which  was 
a  facing  of  about  1  in.  of  blue  clay,  the  under  face  of  which  was 
smooth.  Next  came  6  ins.  of  mixed  clay  and  rock  fragments,  below 
which  bed-rock  was  found,  smooth  and  without  fissures.  The  total 
thickness  of  the  distinctly  clay  seam  was  about  3  ins.,  through  which 
a  line  of  cleavage,  indicating  the  movement  plane,  was  defined  clearly. 
The  dip  of  the  bed-rock  was  to  the  northeast,  and  about  1  on  4.5. 
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The  depth  below  the  anrface  was  101.1  ft.,  equal  to  Elevation 
(278.2). 

Onlj  a  email  qaantitj'  of  vater  collected  in  this  shaft  at  any 
time  during  the  progress  of  the  work,  and  at  no  time  since  the  exoa- 
TitioD  waa  completed  has  there  been  in  the  shaft  a  greater  depth 
of  water  than  8.5  ft.,  with  onlj  slight  flnotaations  between  summer 
and  winter. 

Shqfl  No.  S. — The  next  shaft  undertaken  was  No.  6,  located  near 
the  cable  track,  alongside  of  Boring  No.  5  made  in  1895,  and  about 
280  ft.  south  of  Shaft  No.  2.  The  elevation  of  the  surface  of  the 
ground  waa  (368.5),  and  the  depth  of  the  ezcaTatiou  60  ft.  The  work 
waa  begun  on  September  17th  and  completed  on  September  29th, 
1897. 

For  the  first  12  ft.  the  material  was  a  mixture  of  olaj  and  frag- 
ments of  basalt  nearlj  decomposed.  Then,  for  27  ft.,  the  material 
waa  found  to  be  darker  in  color  and  harder.  As  a  mle,  the  fragments 
of  rock  were  small,  although  some  pieces  measured  about  1  en.  ft.  in 
Tolnme.  Next  waa  found  7  ft.  of  small  fragments  mixed  with  clay, 
reaching  a  depth  of  46  ft.,  at  which  point.  Elevation  (322.5),  a  seam 
of  blue  claj,  a  few  inches  thick,  waa  found,  which  showed  a  distinct 
line  of  cleavage.  The  dip  of  the  seam  was  eastward,  1  on  8.5.  There 
were  pebbles  within  1  in.  of  the  face  of  the  seam,  above  and  below. 
The  rock  below  the  clay  seam  waa  quite  soft  but,  as  the  excavation 
proceeded,  rapidly  grew  harder,  until  at  the  depth  of  1  ft.  below  the 
clay,  or  50  ft.  from  the  surface.  Elevation  (318.5),  it  became  too  bard 
to  excavate  without  blasting,  and  work  was  discontinued. 

There  was  some  difficulty  with  the  ventilation  of  this  shaft,  but 
the  water  caused  no  inconvenience  whatever.  At  one  point,  near  the 
bottom,  about  40  galls,  of  water  accamnlatedduring  one  night.  At  no 
time  since  the  shaft  waa  completed  has  the  water  exceeded  a  depth  of 
9.5  ft.,  and,  during  the  summer,  the  ahaft  is  practically  dry. 

As  has  been  stated,  this  shaft  waa  beside  Boring  No.  S,  the  curbing 
for  the  shaft  enclosing  the  pipe  casing.  As  the  excavation  of  the 
shaft  proceeded,  it  became  necessary  to  remove  the  pipe,  which  waa 
fonnd  to  have  been  broken  near  the  bottom.  Later,  the  elevation  of 
this  break  was  found  to  be  (323.8),  or  1.3.  ft.  above  the  clay  stratum 
along  which  the  movement  was  taking  place.  By  the  rod  measure- 
ments made  from  the  surface,  as  heretofore  described,  it  had  been 
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detemuned  Bome  months  before  th&t  the  bre&k  in  the  pipe  and  the 
bottom  o(  the  elide  were  at  ElevatioD  (324.5),  or  0.7  ft.  above  the 
point  \There  tfate  break  aatnolly  occurred  and  2  ft.  above  the  inoTeiQ«Dt 
eeam  in  the  claj.  The  measarementa  in  the  shaft  thus  fornished  a  good 
cheek  on  the  former  Tork. 

Bj  measurements  made  at  thia  shaft,  it  was  also  determined  that 
the  rate  of  movement  at  the  surface  and  at  bed-rock  level  had  been 
praoticallj  the  same.  When  Boring  No.  6  vas  made,  in  1895,  the 
drill  waa  broken  at  a  depth  of  47.6  ft.  After  spending  some  time 
fishing  for  the  broken  tool,  the  work  was  abandoned  as  the  engineers 
were  then  quite  confident  that  bed-rock  had  been  reached.  Later, 
when  Shaft  No.  6  was  excavated,  the  pipe  put  in  as  a  caning  for  Bor- 
ing No.  5  was  uncovered,  and  the  foot  of  the  pipe  waa  found  to  be 
about  2  ft.  east  of  the  point  where  the  broken  drill  was  still  standing. 
This  distance,  2  ft.,  corresponded  almmt  ezaotlj  with  the  eastward 
movetaent  which  the  snrvejs  showed  hod  taken  place  at  the  surface  of 
the  ground  dnring  the  same  period.  After  completing  the  shaft,  a 
range  line  was  established  crossing  it  from  south  to  north;  and  points 
set  both  at  the  anrface  and  at  the  bottom  of  the  well.  Subeeqnent  ob- 
servations of  this  range  line  showed  that  between  October  26th,  1H9T, 
and  November  22d,  ltJ99,  the  total  surface  movement  was  0.19  ft.  to 
the  eastward,  while  the  movement  at  the  bottom  of  the  shaft  waa  0.4T 
ft.  during  the  same  period,  a  difierence  of  only  0.02  ft. 

Sha/l  No.  7. — Shaft  No.  T  is  on  the  roadway,  a  short  distance  west 
of  the  retaining  wall  at  the  north  end  of  Beservoir  No.  3,  and  alongside 
of  Baring  No.  14  C.  The  elevation  of  the  snrface  waa  (311),  and  the 
depth  of  the  shaft  53.5  ft. 

Work  was  begun  on  September  2lBt,  and  continued  until  October 
1st,  1897.  Work  was  resumed  on  April  16tb,  and  continued  at 
intervals  until  December  25tb,  1896.  The  toUl  depth  reached  was,  as 
stated,  53.5  ft.,  equal  to  Elevation  (267.5).  To  make  further  explora- 
tions of  the  line  of  the  slide,  two  tunnels  were  run  in  a  southerly' 
direction,  one  at  Elevation  (287)  and  the  other  from  the  bottom  of  the 
main  ehaft.  Elevation  (25T.6).  In  the  shaft  and  also  in  the  tunnels  the 
line  of  the  movement  Beam  was  uncovered.  In  the  first  14  to  16  ft. 
from  the  surface  the  material  consisted  chiefly  of  jrellow  clay  centr- 
ing broken  rock.  Next  came  a  seam  of  plastic  yellow  olay,  very 
tough,  having  a  soatherly  inclination  of  abont  1  on  1.3.     The  casing 
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of  Boring  No.  11  (7  was  foand  broken  at  ElsTfttion  (206.8),  or  vitbin 
0  2  ft.  of  the  claj  seam  at  the  west  side  of  the  shaft.  The  upper  por- 
tion of  the  pipe  had  moved  0,7  ft.  eastward,  plainly  indicating  the 
depth  at  which  the  moTement  of  the  elide  was  taking  place.  Belov 
the  jellow  olaj  was  27  ft.  of  bine,  sandy  clay,  which  was  very  hard 
when  dry,  aa  was  the  caae  in  this  shaft,  bnt  which,  when  inunereed  in 
water,  would  soon  diasolve.  Below  the  bine  clay  etnas  abont  1  ft.  of 
tough,  jellow  clay,  similar  to  that  fonnd  on  top  of  the  blue  clay,  and 
having  abont  the  same  southerly  inclination.  The  depth  from  the 
snrface  was  43  ft.  Next  below,  loose  rock  was  found,  with  a  small 
quantity  of  olay  mixed,  into  which  the  shaft  was  carried  10.5  ft.  to 
ElflTBtion  (267.5). 

The  direction  of  the  tunnels  was  nearly  parallel  with  the  west  line 
of  the  City  Park.  The  upper  one,  at  Elevation  (287),  ont  the  move- 
ment seam  between  the  red  and  bine  clay  at  6.4  ft.  from  the  south 
edge  of  the  shaft,  and  entered  the  reddish  clay  mixed  with  loose  rock, 
in  which  it  continued  for  70  ft.,  at  which  point  the  work  vas  aban- 
doned. In  the  lower  tunnel,  the  movement  seam  was  found  in  a 
stratum  of  plastic  yellow  clay  from  1  to  1.5  ft.  thick,  and  52.5  ft.  from 
the  shaft.  This  tunuel  was  continued  for  a  distance  of  74  ft.  The 
material  was  loose  rock  mixed  with  a  small  proportion  of  clay.  The 
southerly  dip  of  the  movement  seam  passed  below  the  tunnel  level, 
and,  in  order  to  develop  it  still  further,  a  pit  was  started  below  thehot- 
torn  at  a  point  64  ft.  from  the  shaft.  At  a  depth  of  8.7ft.,  or  Elevation 
(248.8),  fragments  of  red  clay  on  top  of  yellow  clay  were  found  having 
smooth  faces,  indicating  theline  of  the  slide,  but  the  flow  of  water  from 
the  crevices  in  the  loose  rock  was  so  strong  that  it  caused  the  aban- 
donment of  the  work  at  that  depth.  The  water  rose  in  the  pit  6  ft.  in 
one  hour,  bat  at  no  time  did  it  reach  the  tunnel  level 

Shqfl  No  9. — This  shaft  is  a  few  feet  from  the  margin  of  the  old 
"  pool,"  west  of  the  cable  track,  and  near  the  upper  end  of  the  sewet 
put  in  to  drain  the  pool  and  adjaeent  ravine.  The  elevation  of  the 
surface  was  (446.4),  aud  the  depth  of  the  excavation  63  ft.  The  work  was 
begun  on  October  4th  and  completed  od  October  16th,  1897.  The 
tunnel  excavation  was  made  between  Noyetaber  12th  and  December  1st, 
1897.  For  the  first  10  ft.  from  the  surface,  the  excavation  was  through 
filled  ground,  below  which  came  18  ft.  of  blue  clay  containing  a 
liberal  mixture  of  fine  sand.    Next  came  19  ft.  of  material  of  the  same 
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obatacter,  and,  m  addition,  water,  wbioli  flowed  at  the  rate  of  30  galls, 
per  hour.  Id  places  the  wbUb  of  the  shaft  caved  badly,  owing  to  thft 
qaioksandy  nature  of  the  material;  and,  antil  the  excavation  had 
passed  into  more  stable  ground,  a  night  crew  kept  the  shaft  pnmped 
out  and  the  walls  dry,  so  as  to  prevent  caving.  Below  the  depth  of  3S 
ft.  there  was  no  difficnlty  froia  thie  Bonrce,  the  material  being  mnch 
harder  and  the  walls  not  as  easily  affected  bj  the  water,  which  still 
continued  to  percolate  through  the  gronad  and  into  the  shaft. 

Between  the  depths  of  47  to  62  ft.  there  was  fonnd  a  stratum  of 
tough,  dark  bine  clay  mixed  with  small  fragments  of  hard  basalt. 
Below  the  bine  clay  came  a  LO-ft.  layer  of  tongh,  plastic  yellow  clay, 
with  little  or  no  rock  intermixed.  At  the  bottom  of  the  yellow  clay, 
at  a  depth  of  62.7  ft.,  Elevation  (383.7),  and  jnst  above  bed-rock,  there 
was  found  about  2  ins.  of  dark  bine  clay,  not  aa  plastic  as  the  yellow, 
apou  the  top  of  which,  between  the  yellow  and  the  blue,  the  line  of 
cleavage  which  indicated  the  plane  of  the  movement  could  be  discerned. 
The  bed-rock  dipped  about  1  in  4.6  to  the  eastward. 

From  the  foot  of  the  shaft  a  tunnel  was  started  in  a  northwest- 
erly direction,  for  the  purpose  of  developing  the  northern  margin  of 
the  sliding  land.  The  material  in  the  tunnel  proved  to  be  mostly 
yellow  clay,  which  was  quite  hard.  At  a  distance  of  22.3  ft.  the  tun- 
nel cut  the  movement  seam,  which  was  nearly  vertical.  A  few  feet 
further  on,  large  masses  of  rock  were  found,  cemented  and  appearing 
to  be  in  place,  beyond  which  the  excavation  was  not  carried.  From 
measurements  made  at  the  level  of  the  tunnel,  and  on  the  surface, 
the  inclination  of  the  northern  rim  of  the  slide  at  this  point  was  fonnd 
to  be  I  vertical  on  0.6  horizontal. 

During  the  lost  part  of  the  work  on  the  tunnel  water  collected  at 
the  rate  of  60  galls,  per  hour.  Within  one  week  after  the  tunnel  waa 
completed,  the  water  in  the  shaft  had  reached  a  depth  of  6  ft. ,  and, 
later,  a  depth  of  from  9  to  10  ft. ,  maintaining  that  height,  with  little 
fluctuation,  until  the  final  draining  of  the  shaft  in  1900. 

Shaft  No.  9. — This  shaft  was  started  but  a  few  feet  from  Boring 
No.  7,  near  the  point  where  the  cable  road  first  touches  Kingston 
Avenue  and  toms  to  the  north  along  that  street.  The  surface  eleva- 
tion was  (460.8)  and  the  depth  66.5  ft.  Work  on  this  shaft  was  begun 
on  October  19th  and  completed  on  November  3d,  1S97. 

For  the  first  13  ft.  the  excavation  was  in  yellow  sandy  earth.   Next 
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o»me  19  ft,  of  blue  clay  with  fine  sand,  qnite  qnickeandj.  Some  diffi- 
cnltj  wu  caneed  by  the  ckving  of  the  walls  of  the  Bhaft.  At  this 
time  the  drainage  from  the  sides  of  the  shaft  was  about  30  galls,  per 
da;.  For  the  nest  21  ft.  the  bine  clay  was  dryer  and  tougher,  with 
lees  sand,  and  was  difficnit  to  handle.  Before  reaching  bed-rock,  at 
58  ft.  depth,  Elevation  (408),  a  stratam  of  from  6  to  8  ins.  of  plastic 
bine  clay  was  met,  in  which  the  line  of  cleavage  was  found  within 
1  in.  of  the  bottom.  The  movemeiit  had  been  taking  place  along  this 
line.  The  slope  of  the  seam  was  1  in  2.2  to  the  eastward.  Below  the 
slide,  the  snrfaoe  of  the  rock  was  decomposed  and  fall  of  seams  to  a 
depth  of  2.6  ft.,  and  coald  be  remoTed  with  a  pick.  At  65.6  ft.,  or 
Eleration  (105.3),  the  rock  became  much  harder,  and  work  was  sns- 
pended. 

After  passing  below  the  slide,  the  quantity  of  water  inoreased 
rapidly,  Doming  in  through  tbe  fine  seams  in  the  rock,  more  coming 
from  the  southwest  than  from  elsewhere.  The  quantity  remored  be- 
fore the  shaft  excavation  was  completed  averaged  more  than  40U  galls, 
per  day. 

Shi^  Nian.  10  nud  12.- -The  antl&c^ol  Shaft  No.  10  was  at  Eleva- 
tion (445,8),  and  its  depth  was  22.6  ft.  The  surface  of  Shaft  No.  12 
was  at  Elevation  (442.2),  and  its  depth  whs  26.6  ft.  To  provide  an 
adequate  system  of  surface  drainage  for  the  water  shed  of  King  ravine, 
which  borders  the  sliding  land  on  the  north,  the  oonsnlting  engineer 
recommended  the  consbruction  of  a  culvert  to  extend  from  the  24-in 
sewer  near  fieservoir  No.  3  westward  to  some  point  west  of  the  cable 
railway,  where  the  subterranean  fiow,  also,  could  be  cut  off  and  be 
brought  to  the  surface,  and  into  the  culvert. 

La  pursuance  of  this  plan.  Shafts  Nos.  10  and  12  were  excavated  in 
the  bed  of  this  ravine,  a  short  distance  west  of  Kingston  Avenue,  for 
the  purpose  of  determining  the  nature  of  the  material  near  the  upper 
end  of  the  proposed  culvert.  By  these  excavations  it  wae  ascertained 
that  the  b^  of  the  ravine,  for  several  hundred  feet  west  of  the  bridge, 
was  composed  of  a  mass  of  loose  rock,  mostly  of  large  size,  with  gravel 
and  sand  intermingled  and  covering  the  same,  through  the  interstices 
ot  which  the  water  which  found  its  way  under  the  surface  quickly  dis- 
appeared. As  an  oatoome  of  thes^  explorations,  it  was  necessary  to 
extend  the  culvert  several  hundred  feet  further  west  than  was  in- 
tended originally,  so  as  to  reach  a  point  where  the  rock  came  near  to 
the  surface. 
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Shqfl  No.  11. — Whea  Boring  No.  8  waa  completed,  in  December, 
1895,  the  drill  passed  through  a  bod;  of  bine  claj,  very  wet  &nd 
nearly  60  ft.  in  depth,  and  soon  after  it  was  fonnd  that  the  inside  of 
the  pipe  was  filliag  with  "  blnemad."  The  reasoD  for  this  conld  not 
be  ascertained  at  the  time,  bat  the  action  was  thonght  to  be  due  either 
to  a  crack  in  the  casing  or  to  the  fact  that  the  pipe  had  not  been 
driven  snfficientlj  to  make  a  close  joint  with  bed-rock,  thas  allow- 
ing the  mud  aad  water  to  enter  the  pipe  at  the  bottom.  To  gain  fur- 
ther information  regarding  this  deposit  of  qnicksandj  material,  it  was 
decided  to  sink  a  shaft  near  the  boring  formerly  made.  The  location 
choeen  finally  (or  Shaft  No.  11  was  just  west  of  the  cable  track,  and 
also  on  the  claim  line,  and  aboat  40  ft.  Bonth'west  from  Boring  No.  8. 
The  depth  of  the  shaft  was  51  ft.,  and  the  surface  Elevation  (462.9). 
The  excavation  of  this  shaft  was  in  progress  from  November  5th  to 
lOtb,  and  from  December  2d  to  8th,  1897,  when  a  sudden  inflow  of 
water  cansed  a  suspension  of  the  work. 

For  9  ft.  below  the  surface  the  material  consisted  of  the  usual 
olayey  earth,  and  then  came  32  (t.  of  bine  clay  similar  to  that  found 
in  Shaft  No.  9,  which  was  aboat  300  ft.  to  the  south.  Between  the 
depths  of  25  and  35  ft.  the  material  was  very  soft,  water  collecting 
at  the  rate  of  15  galls,  per  hour.  At  41  ft.  the  material  changed  to 
loose  rock  mixed  with  clay,  which  continued  for  a  depth  of  9  ft.,  or  to 
a  point  50  ft.  below  the  surface.  During  some  nights  400  galls,  of 
water  collected.  The  upper  surface  of  this  stratum  of  loose  rock  and 
clay  dipped  to  the  north  and  east  about  2  vertical  to  1  horizontal. 
Between  60  and  51  ft. ,  below  which  depth  the  excavation  was  not  car- 
ried, the  material  became  quite  loose,  and  was  shoveled  easily.  It 
consisted  chiefly  of  coarse  sand  and  loose  rock,  J  in.  to  2  ins.  in  diam- 
eter. When  work  was  suspended,  on  the  evening  of  December  7th, 
the  excavation  had  been  carried  into  this  loose  material  to  a  depth  of 
1ft. 

On  the  morning  of  the  8th,  water  was  found  standing  in  the  shaft 
at  a  depth  of  46.5  (t.,  or  within  4.4  ft.  of  the  snrface  of  the  ground. 
Immediately  following  the  ioflow,  several  attempts  were  made  to  bail 
out  the  water  by  hand,  but  all  were  UDSuccessful.  One  trial  of  baud 
bailing  was  made  between  January  10th  and  24th,  1898,  when  the 
removal  of  77  000  galls,  lowered  the  water  level  only  2.1  ft.  Bailing 
having  failed,  it  was  neit  determined  to  try  the  well-boring  machine 
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for  the  pQFpose  of  aaoertaining  the  depth  to  bed-rock.  Work  with 
thia  machine  was  begnn  ou  Uatoh  9th  and  completed  on  March  11th, 
1898,  and  resulted  in  finding  hard  rock  17  ft.  below  the  bottom  of  the 
shaft  already  excavated  (or  68  ft.  below  the  enrfaoe),  the  drill  paaeing 
through  loose  rock  for  the  entire  17  ft.  The  elevation  of  bed-rock 
was  (396). 

To  teat  still  further  the  volume  of  water  in  the  underground  reser- 
voir connected  with  this  shaft,  operations  were  begun  on  October 
17th,  1898,  with  the  steam  pumps  used  formerly  at  Shaft  No.  1,  and 
pumping  wa3  continued  with  regularity  until  November  30th.  While 
pumping  was  in  progress  the  water  level  was  lowered  somewhat,  but 
it  was  foand  that  a  very  slight  impression  was  being  made  npon  the 
body  of  water  connected  with  the  shaft.  The  first  honr  after  pnmping 
ceased  the  water  in  the  shaft  rose  10  ft. ,  and  measuremente  made  a  few 
days  later  showed  that  the  water  level  had  been  lowered  6.1  ft.  The 
estimated  volume  pumped  was  546  700  galls.  Finding  that  constant 
pnmping  for  six  weeks  had  lowered  th^  water  level  only  6.1  ft.,  or  less 
than  one-seventh  of  the  total  depth,  it  was  decided  to  abandon  fur- 
ther attempts  to  drain  the  shaft  by  such  methods.  During  the  fol- 
lowing winter  the  water  &tood  at  Elevation  (466.9),  or  about  4  ft.  below 
the  surface  of  the  ground. 

S/iq/t  No.  13. — This  shaft  was  begun  near  the  head  of  the  slide  and 
about  200  ft.  south  of  Shaft  No.  4.  The  elevation  of  the  surface  wae 
(631.9).  Work  iras  begnn  ou  December  18th,  1897,  and  completed  on 
January  6th,  1898.     The  depth  of  the  shaft  was  81.4  ft. 

For  the  first  12  ft.  yellow  surface  earth  was  found.  Between  2  and 
10  ft.  a  vertical  crack  was  noticed,  having  a  course  northeast  and 
southwest.  Next,  5  ft.  of  blue  qnicksandj  clay  was  found,  followed 
by  15  ft.  of  yellow  quicksaudy  clay  in  which  water  collected  at  the 
rate  of  from  '20  to  40  galls,  per  hour.  The  next  stratum  was  20  ft.  of 
yellow  clay  without  sand,  below  which  was  one  of  11  ft.  of  tough  red 
vlay,  hard  to  work.  The  inflow  of  water  was  about  10  galls,  per  hour. 
The  stratum  of  red  clay  was  underlaid  by  12  ft.  of  a  mixture  of  yellow 
clay  and  broken  stone,  some  of  the  clay  being  quite  soft.  From  20  to 
60  galls,  of  water  collected  per  hour,  most  of  it  coming  from  points 
within  20  ft.  of  the  surface.  At  a  depth  of  73  ft.  a  seam  in  the  clay 
was  discovered,  dipping  to  the  south,  about  I  on  2,  and  at  75.5  ft.  the 
main  slide  was  aucovered,  with  yellow  clay  ou  top  of  from  6  to  10  ins. 
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of  hard  blue  cUj.  The  elope  was  1  od  3.5,  with  a  slight  deeceut  to 
the  eastward.  Below  the  moTement  Beam  loose  rock  -was  fonod, 
which,  at  a  depth  of  81.4  tt.,  was  too  hard  to  pick,  fio  that  the  work 
waa  abandoned.  The  water  collected  in  the  shaft  at  the  rate  8  galla. 
per  hour,  and  dariDg  the  winter  of  1898-99,  it  stood  at  a  depth  of  74  ft. 

Shqfl  No.  14.— This  shaft  ia  on  the  south  side  of  the  "round  top" 
and  about  200  ft.  weet  of  the  cable  track  at  Shaft  No.  9.  The  surface 
elevation  waa  (606.1),  and  the  depth  of  the  excavation  69.3  ft.  Exca- 
vation was  begun  on  Janaarj  31st  and  completed  on  February  26th, 
1898. 

Below  the  surface,  a  stratum  of  yellowish  clajej  earth,  8  tt.  thick, 
was  found,  followed  by  11  ft.  of  very  tongh  red  clay.  Below  the  i«d 
clay  was  found  broken  rock,  decomposed  considerably  on  top,  bat 
growing  harder  gradually  aa  the  depth  increased,  and  having  many 
Vertical  seams.  For  a  depth  of  33  (t.  the  fragments  of  rook  were 
mostly  small,  some  being  }  on.  ft.  in  volume.  Below  this  was  a  2-ft. 
stratum  of  harder  rook,  the  blocks  being  about  1  en.  ft.  in  volume. 
For  the  next  10  ft,  the  fragments  were  smaller,  and  then  came  6  ft.  of 
very  fine  rook,  mixed  with  coarse  sand.  Below  this  was  a  stratum  of 
clay,  about  4  ins.  thick,  resting  upon  bed-rock.  The  usual  line  of 
cleavage  in  the  clay  was  found  in  this  instance  within  \  in.  of  bed- 
rock. The  slope  of  the  bed-rock  aad  movement  seam  to  the  southeast 
was  about  5  ine.  in  3.5  ft.  horizontal. 

After  ftist  penetrating  the  loose  rock,  water  came  in  freely  from  alt 
sides,  but  the  flow  was  strongest  from  the  south  and  east.  Constant 
pumping  was  required  to  keep  the  shaft  clear  so  that  the  work  could 
proceed.  The  pumps  were  kept  manned  for  two  nights  in  order  to 
finish  the  work.  Pumping  was  suspended  on  February  26th,  and  in 
40  hours  thereafter  the  water  in  the  shaft  was  26  ft.  deep. 

Shaft  JVb.  15.— This  shaft  is  on  the  bank,  about  300  ft.  west  of  the 
power-house,  and  by  the  aide  of  Boring  No.  16.  It  waa  first  thought 
that  Boring  No.  IB  had  reached  bed-rnok;  later,  when  it  was  noticed 
that  no  bending  of  the  pipe  occurred  while  the  surface  continued  to 
move,  it  was  decided  to  sink  a  shaft  at  this  point.  The  excavation 
was  begun  ou  February  28th,  and  oompleted  OD  April  9th,  1698.  The 
surface  elevation  was  (347.5),  and  the  depth  of  the  excavation  115  ft. 

Next  below  the  surface  was  found  a  stratum  of  33  ft.  of  yellowish 
sandy  material,  followed  by  14  ft,  of  plostio  yellow  clay.     Next  was 
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found  17  ft.  of  tongh  jellow  olaj'  mixed  with  fragments  of  decompoeed 
basalt,  and  below  thia  11  ft.  of  loose  rock  honeycombed  and  with  a, 
amnll  mixtiue  of  clay,  Elevation  (272).  For  the  next  IB  ft.  the  material 
was  of  a  character  similar  to  that  immediatelj  above,  with  some  vari- 
ation in  the  hardnees  and  size  of  the  fragmente  of  ))roken  rook. 
Between  the  depths  of  93  and  107  ft.  there  was  found  a  stratum  of  fin& 
broken  rook  varying  from  t  to  1  in.  in  size,  and  very  easily  picked. 
From  107  to  lOS  ft.  the  fragments  of  rook  were  larger,  being  2  en.  ins. 
in  volume,  and  the  rock  vas  very  compact  and  hard  to  pick.  From 
108  to  109  ft.  there  was  aome  clay,  mixed  with  broken  rock.  At  109  ft., 
or  Elevation  (238),  was  found  a  seam  in  the  clay  showing  movement, a- 
thin  layer  of  bine  clay  resting  on  tough  red  clay.  At  Hi  ft.,  or  Ele- 
vation (233),  bed-rock  was  found  at  the  weet  aide  of  the  shaft,  with  a 
slope  to  the  northeast  of  1  on  3.  There  was  mixed  material  on  the 
bed-rock  to  a  depth  of  1  ft.  The  upper  6  ina.  waa  dark  bine  clay  with 
some  small  atonea,  while  the  bottom  6  ina.  was  plastic  clay,  lighter  in 
color.  A  plainly  defined  line  of  movement,  within  2  ins.  of  bed-rock, 
was  observed.  At  59  ft.  from  the  sorfaoe  waa  found  a  crevice,  7  ins. 
wide,  filled  with  loose  material,  aod  at  this  point  water  collected  at 
the  rate  of  aboat  30  galls,  per  hour.  At  75  ft.  the  bottom  of  the  casing 
for  Boring  No.  16  was  fonnd  resting  on  top  of  a  large  boulder,  the 
pipe  being  only  about  6  ins.  out  of  pinmb.  At  this  point  the  material 
was  loose,  and  all  water  which  dripped  into  the  shaft  soaked  away. 

The  material  at  the  bottom  of  the  shaft,  below  Elevation  (240),  was 
water-tight,  and,  while  the  last  of  the  excavation  was  being  made,  the- 
water  rose  in  the  shaft  at  the  rate  of  4  ft.  per  hour.  It  was  only  after 
bailing  and  pumping  for  some  days  that  the  flow  diminished  suffi- 
ciently to  permit  uncovering  the  bed-rock. 

Shq^  No.  16.— The  point  selected  for  Shaft  No.  16  was  opposite 
the  aoath  end  ot  Beaervoir  No.  3,  and  only  a  few  feet  from  the  west 
boundary  of  the  Park.  -  The  surface  elevation  was  (S81.7),  sod  tire- 
depth  of  the  shaft  waa  97  ft.  Excavation  was  begun  on  April  9th, 
and  completed  on  May  17th,  189a 

For  81  ft.  from  the  surface,  the  excavation  was  in  yellowish  surface 
day,  a  small  quantity  of  water  collecting  each  night.  From  31  to 
66  ft.,  Elevation  (267),  the  material  was  fine  broken  rock,  which  it  waa 
necessary  td  pick;  but  it  was  foand  that  the  walls  of  the  shaft  would 
cave  in  unless  they  were  an ppor ted.  From  65 to  82  ft..  Elevation  (260), 
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eeamj  rock  was  found,  whicli  coa]d  be  removed  witli  a  pick.  Some 
Tater  entered  the  shaft  from  the  east.  From  82  to  97  ft.  the  eioava- 
tioD  was  Btill  in  rook,  and  proceeded  slovly.  From  96.6  to  96.5  ft. 
fine  loose  rock  wasfonnd.  At  97  ft.,  or  Elevation  (235),  a  thin  stratum 
of  bine  clay  vas  found  l^ing  on  yellow  clay,  trith  bed-rock  under- 
neath. The  bed-rock  was  honejcombed,  but  there  were  no  seams. 
The  slope  was  1  on  3.6  to  the  east  and  Bontheast.  During  the  night 
500  galls,  of  water  collected,  coming  mostly  from  the  northeast. 
There  were  indications  of  the  clay  movement  seam,  but,  on  account 
of  the  water,  the  usual  sample  showing  the  line  of  cleavage  could  uot 
be  obtained. 

Shaft  Ko.  i7.— This  shaft  was  excavated  at  a  point  about  360  ft. 
east  from  the  cable  track,  and  opposite  the  "pool."  The  excavation 
was  begun  on  April  19th  and  completed  on  May  20th,  1898.  The  sur- 
face elevation  was  (407.6).  The  depth  of  the  shaft  was  103  ft.  Nest 
below  the  surface  was  found  8  ft.  of  old  embankment,  and  below  this 
11  ft.  of  yellowish,  sandy  clay.  The  next  stratum  was  12  ft.  of  loose 
rock  mixed  with  clay,  below  which  was  a  stratum  of  1  ft.  of  quite 
solid  rock.  Below  this,  from  32.6  to  93  ft.,  was  found  a  stratum  of 
small  rock,  from  1  in.  to  4  ins.  in  diameter,  mixed  with  yellow  clay  in 
about  equal  proportions.  The  elevation  of  the  base  of  this  stratum 
was  (316).  From  93  to  101  ft.,  Elevation  (307).  large  blocks  of  atone, 
up  to  2  ft,  in  diameter,  were  found,  with  little  clay.  From  101  tc 
102.3  ft.,  was  found  a  layer  of  small  fragments  of  rock  {  in.  to  2  ins. 
in  diameter.  Between  102.3  and  103  ft.,  Elevation  {304.6),  a  stratum 
of  yellow  clay  on  blue  clay,  resting  on  bed-rock  was  found.  The 
slope  was  about  1  on  3  to  the  uoTtheast.  The  movement  seam  was 
found  between  the  yellow  and  the  blue  clay.  A  small  quantity  of 
water  entered  the  shaft  from  the  aonthweet. 

Ska/t  No.  18. — Excavation  for  this  shaft  was  begun  on  the  face  of 
the  bank  210  ft.  west  of  the  west  side  of  Reservoir  No.  4,  and  opposite 
the  point  of  greatest  movement  of  the  parapet  walls.  The  surface 
«levation  was  (318),  and  the  depth  of  the  excavation  115.6  ft.  Work 
was  begun  on  May  18th,  aud  the  shaft  and  the  tunnel  connected  with 
it  were  completed  on  December  16th,  1896.  The  following  materials 
were  found:  From  0  to  15  ft.,  Elevation  (303),  yellow,  sandy  clay; 
from  15  to  38  ft..  Elevation  (280),  very  hard  sand;  from  38  to  80  ft. 
Elevation  (238),  loose  rock,  in  small  fragments,  mixed  with  a  small 
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quantity  of  olay.  Abont  midwaj  in  this  moss  there  was  a  2-ft. 
stratum  of  loose  rock,  1  is.  to  6  ins.  in  diameter,  without  clay,  where 
the  walls  of  the  shaft  tended  to  crumble  and  elide.  At  a  depth  of 
about  80  ft.,  Elevation  (338),  the  etcavation  entered  dark  jellow  or 
reddish  claj  mixed  with  small  fragments  of  rock. 

UoTement  seams,  in  red  clay,  were  found  at  86.5  ft.,  Elevatioii 
(281),  at  the  west,  and  at  87.5  ft..  Elevation  (230),  at  the  eaet,  side  of 
the  shaft. 

At  95  ft..  Elevation  (223),  the  eicavatioa  was  still  iu  plastio  red 
claj,  when,  on  June  Ttli,  1898,  a  fragment  of  claj,  bavi&g  a  smooth 
face,  was  loosened  in  the  bottom  of  the  shaft,  and  water  flowed  from 
the  cavity  with  considerable  force,  rising  in  the  shaft  to  a  height  of 
S  ft.  in  15  minutes,  ao  that  a  suspension  of  work  was  necessary.  After 
several  iQcfFectnal  attempts  to  lower  the  water  byhandbailing,  asteata 
pump  was  set  ap,  and,  by  August  22d,  the  flow  had  diminished  to 
such  an  extent  as  to  admit  of  deepening  the  shaft  (through  loose  ma- 
terial, coarse  sand,  and  stones  6  ins.  in  diameter  and  less),  to  Eleva- 
tion (214).  On  August  22d,  1898,  pumping  was  suspended.  The  total 
volume  of  water  removed  from  the  shaft  then  amounted  to  more  than 
656  000  gaUs. 

Later  in  the  season,  it  was  decided  to  ran  a  branch  from  the  old 
drainage  tunnel  behind  Reservoir  No.  4  to  Shaft  No.  18,  to  draw  off  the 
water  whioh  continued  to  oolleot  at  that  point.  This  branch  was 
started  from  the  old  tunnel  in  a  bed  of  "blue  clay,"  and,  at  42.5  ft., 
passed  into  loose  rock  faced  with  about  }  in.  of  yellow  clay,  the  line 
of  movement  showing  between  the  blue  and  yellow  clay.  The  dip  to 
the  east  was  1  on  3.  Wben  vrithin  10  ft.  of  Shaft  No.  18,  the  flow  of 
water  was  at  the  rate  of  76  galls,  per  minute,  but  did  not  continue 
long  at  that  rate.  After  reaching  and  draining  the  shaft,  the  excava- 
tion was  deepened  below  the  floor  of  the  tunnel,  or  to  Elevation  (202), 
when  the  work  was  saspeaded.  The  material  continued  to  be  seamy 
rook,  through  whioh  water  flowed  freely,  coming  from  the  west.  The 
total  length  of  the  branch  tannel  eicavated  was  131  ft. 

8k^  No.  19. — The  point  selected  for  this  shaft  was  10  ft.  west  of 
the  west  end  of  Dam  No.  8.  The  surface  elevation  was  (292.5).  The 
excavation  was  begun  on  June  8th  and  completed  on  July  30th,  1898. 
The  depth  of  the  shaft  was  60.6  ft.  From  the  surface  to  a  depth  of  60 
ft.,  Elevation  (292.5),  the  upper  portion  of  the  stratum  was  loose  rock 
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irith  vrbioh  Aome  olaj  was  mixed,  the  pieces  of  Tock  in  the  lower  por- 
tion being  from  1  in.  to  6  iae.  in  diameter,  and  quite  oompaot,  vithont 
admistnre  of  clay.  At  Elevatioo  (246)  the  shaft  intersected  the  bot- 
tom of  the  drainage  tunnel  excavated  in  1895  along  the  western  margin 
of  Beeervoii  No.  3.  The  sewer  pipe  was  found  to  have  been  cracked, 
From  60  to  60  ft.,  Eleration  (232.&},  the  material  was  chiefly  rook, 
.(some  fragments  containing  1}  en.  ft.),  with  little  or  no  claj,  and  was 
difficult  to  fixcavate. 

At  61  ft..  Elevation  (281.5),  there  waa  a  strong  flow  of  water  from 
the  southwest.  Hare  the  material  changed  from  seamy  rock,  very 
compact,  with  liltle  clay,  and  became  quite  loose.  The  thickness  of 
the  loose  material  waa  about  1  ft.  Smooth  laces  on  a  fragment  of  clay 
wbioh  was  removed  indioated  the  movement  seam  at  Elevation  (281). 

Between  Jnne  20th  and  Jtily  Ist,  1898,  more  than  390  000  galls,  of 
water  ware  bailed  from  this  shaft,  and,  later,  the  excavation  was 
deepened  to  Elevation  (22S).  The  rock  in  the  bottom  appealed  to  be 
in  place,  but  was  fall  of  seams. 

Sh<^  No.  20.— Tbis  shaft  was  intended  simply  as  an  opening  into 
.  an  old  drainage  tnnnel,  bnilt  in  ISfU  to  drain  the  ravine  north  of 
Beservoir  No.  3.  The  work  of  opening  the  shaft  and  cleaning  out  the 
tnnnel  was  begun  on  Jnne  30th  and  completed  on  August  24th,  1898. 
'  The  end  of  the  old  tnnnel  was  reaobed  at  a  point  284  ft.  from  the  north 
end  of  Reservoir  No.  8.  Later  in  the  season,  work  was  resumed  at  this 
point,  and  an  extension  of  the  tunnel  was  begun  wbiob  was  carried, 
finally,  to  the  western  margin  of  the  oity  property,  a  total  distance  of 
304  ft.  from  the  reservoir.  This  work  was  completed  on  February 
23d,  1899. 

Sk(^t  No.  21. — The  excavation  for  this  shaft  was  made  in  the  bottom 
of  Beservoir  No.  3,  opposite  the  foot  of  the  buttress  wall  on  the  west 
slope.  The  elevation  of  the  surface  of  the  concrete  lining  was  (259. 1). 
The  depth  of  the  excavation  was  68  ft.  Excavation  was  begun  on  De- 
cember 23d,  1896,  and  completed  on  January  6th,  1899.  Bed-rock  wai 
found  at  a  depth  of  68  ft.,  at  Elevation  (201).  The  surface  of  the  rocX 
was  very  hard  and  uneven,  without  seams. 

For  the  entire  depth,  the  material  was  blue,  sandy  clay,  very  hard 
and  dry.     No  water  was  found. 

Between  depths  of  39  and  41  ft.,  Elevation  (218),  several  small 
.sticks  of  wood  were  found,  and  among  the  sticks  the  fossil  tooth 
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loentioned  previoiiBl;.  At  60  ft..  Elevation  (209),  there  waB  found  a 
am*ll  qnuititj  of  washed  graTel, 

Shq^  Ifo.  22. — ThiB  ah»tt  ie  oppotiite  the  buttress,  and  about  100  ft. 
ireet  of  Reservoir  No.  8.  The  surface  elevation  was  (806.2),  and  the 
depth  57.2  ft.  The  eicavation  was  begun  on  January  7th  and  com- 
pleted on  Jannarj  21th,  1899.  For  the  first  26  ft.  from  the  snrfaoe 
the  material  was  ohiefl;  yellowish  sandy  clay,  full  of  seams.  From 
26  to  55  ft..  Elevation  (260),  loose  rook  mixed  with  clay  was  found, 
Joilowed  by  I  ft.  of  flue  broken  rock,  at  Elevation  (249),  lying  on  top 
'  -of  the  clay  movement  seam  which  was  about  8  ins.  thick.  The  eleva- 
tion was  (219)  at  the  south  and  (248)  at  the  north  side  of  the  shaft. 
Below  the  plane  of  the  movement  there  was  |  in.  of  yellow  clay.  The 
total  depth  of  the  shaft  was  67.2  ft.     But  little  water  was  found. 

Excavalion  W«»l  qf  the  Poaer  Houie. — Signs  of  undue  pressure 
Against  the  west  wall  of  the  power-honse  having  appeared,  it  was  de- 
cided to  excavate  a  trench  parallel  with  the  boildiug  and  extending  out 
irom  the  foundation  for  a  few  feet. 

Woiic  on  this  trench  was  completed  on  June  16th,  1898,  the  rook 
having  been  ancovered  at  Elevation  (224,4).  Just  above  the  rook, 
bine  clay  was  fonnd,  ahoving  a  line  of  cleavage,  as  though  movement 
had  taken  place  at  that  point,  as  had  been  suspected.  The  foundation 
of  the  power-house  extended  below  the  line  of  the  slide  and  was  im- 
movable, although  the  earth  adjacent  to  the  wall  was  compacted  very 

Trench  Wetl  t^Dam  JTo.  J  and  North  of  Shaft  No.  10.  —On  October  3d, 
1898,  the  eioavation  of  the  trench  near  the  west  end  of  Dam  No.  3  was 
completed.  This  trench  was  14  ft.  long,  3  ft.  wide  and  14  ft,  deep,  and 
was  dug  opposite  a  large  crack  in  the  parapet  wall.  The  material  was 
fonnd  to  be  broken  rock  mixed  with  olay,  the  quantity  of  clay 
diminishing  toward  the  bottom.  The  mass  appeared  to  have  been 
broken  and  deranged  by  the  pressure  to  which  it  had  been  subjected, 
bat  no  secondary  slip  or  line  of  movement  was  found. 

A  second  trench,  a  few  feet  farther  north,  and  excavated  a  few 
days  later,  did  not  indicate  any  change  in  the  material. 

In  addition  to  the  foregoing,  between  February  2l8tand  April  12th, 
1698,  eight  3-in,  borings  were  made  at  various  points  on  the  sliding 
ground,  ranging  in  depth  from  42  to  121  ft.,  and  aggregating  a  total 
depth  of  666  ft.,  or  677  ft.  including  the  work  doue  in  the  bottom  of 
ShaR  No.  11.     The  ooutraot  price  per  foot  for  these  holes  was  90.60  in 
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earth  tai6  91.26  in  rook,  the  actual  cost  of  the  necessary  casing,  to  be 
paid  tor  at  an  extra  price,  and,  in  addition,  wood  and  water  for  the 
engine  was  to  be  furnished  to  the  contractor  without  chaige.  TbetoUl 
eost  of  the  work  amonated  to  ST61.2T,  approzitnatelj,  or  tl.l3  per 
linear  foot. 


TABLE  No.  1.— Stnaumr  or  Bobikob  Made  Duitrao  1896  asd  1896. 

No,  or  boHug. 

Wh«,b««™. 

oo^^msfl. 

^i-. 

D«c.   a 

Hu-.    S 

IMS. 
Dec.  10 
Oct.  IS 

Tli 

Dbc.    » 

1 1 

IBM. 

'-4 

"    w 

» 

(4«»,8» 
<4SI.  1 

is 

tU4.I 

!S:J 

iwn. 

ISM.S) 

<en.4) 
(».»> 

eOMoMarchS 

TABLE  No.  2. — Ezpxnditubb  oh  Acooumt  or  BoBntas  Mads  DusDia 
1895  AND  1896. 


Data. 

Contract 
aocouDt. 

..»», 

Extra  labor 

To»«l 

«n,M 

■■as 

M.OO 

US 

49.  BO 

ST. 

SM.K 

s.w 

J... .-r. 

Total 

»m.» 

w." 

tSW-GO 

CWf  q/'  (Ae  TTorit.'  Linear  feet  of  borings,  1  710;  aTerage  cost  per 
linear  foot,  tl.68. 
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fABIiE  No.  8.— SuiotAXT  of  Bobinoa  Made  Dusuto  1: 


Ho.  a(  bfvliiK. 

WbCID 

begun. 

cJX. 

Deptbirf 

Har.  11 

(4«.4) 

ill 

pi 

1 

ial,  tram  Febnun  IM,  1 

98e,U>llueh 

ltll.lHH 

077.8 

I  explorations  required  to  detartnine  the  depth  to  bed-rook, 
e  character  of  the  overlying  materials,  deecribed  in  the  fore- 
pages,  were  completed  earlj  in  1899.  While  the  excavatioD  of 
lEts  TTftti  in  progress,  obeervatione  of  the  water  levels  in  variona 
and  boriuga  were  taken  at  frequent  intervals,  in  the  hope  of 
;  some  oorreepondence  in  each  levels,  but,  with  one  or  two 
ions,  no  indioations  were  discovered  showing  any  coDneotioD 
in  the  nnde^round  waters  at  the  several  shafts. 
t  results  of  the  shaft  and  tunnel  excavations,  the  measuremeDt 
ei  levels  and  the  rate  of  movement  from  month  to  month,  were 
inieated  to  the  consulting  engineer  as  rapidly  as  the  data  were 


E  No.  4. — ExpBNirrruKEB  on  Account  of  Bokihob  Made  Dubtho 


D«te. 

OoDtractko- 

Eitra  labor  aocount. 

{EMlmMed.) 

Total. 

law. 

« 

(O.OO 

•ss 

»«M.fl7 

Siw.oo 

'  y  Ihe  Work:  Linear  feet  of  borings,  607;  average  cost  per  linear 
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TABLE  No.  S. — Sckxass  or  Sbapt  and  Tcsnei.  Wohk,  Coi£Pletbd 
DuBiMQ  THB  Yeabb  1897,  1898  and  1899. 


No.  or  abaft. 

w^^. 

When 

8ur- 
laoe 

Bed- 

1 
i 

7B.0 

^oo:o 

E8.B 

r, 

SS-E 

i 

n«:o 
K 

07.9 

0.0 
14.0 

1 

, 

July   10,1897 

•^  %  g 

"  W,  897 
Sept  17,1897 

'■  91,1897 
Oct.      1,  1807 

"  19. 1807 
Not.     K,  1807 

"        M807 
Dec.    18,1807 
Jan.    Si;i8M 

M«    1|.1W8 
'-      30!  1898 

Jan.     1, 1898 

Dec.    88,1896 

Dec      8,1807 

Not.   87,1807 
Jan.      6,1898 
Feb.    90^1808 
Apr"    ».  jW8 

sx  Si 

Feb.    S8.1MN 

'■^^  iSS 

June  IB,  1898 
Oct.      8,  1808 

ill 

(JH8.8) 
(Sll.O) 

SI 

(489.0) 

iMt.at 
m.oi 

(»47;*) 

Hi 

(MO.O) 
(807.0) 

iss 

<8!».B) 
(«*.0) 

(o6i!i) 

1848.0) 

(eu.o) 

75.0 

-78:6 
4810 
•IS.O 

■Is 

Zi 
■■»:s 

Traacb  W.  of 

IM0.4 

14»7,1 

ATerage  deptb  of  elide,  — ji^  =  77.8  ft, 
■  Not  inclnded  in  avenge  of  depth  of  slide. 

Summarizing,  in  a  general  waj,  the  resnlta  of  tbe  Bnrreys  and 
examinations,  tben  completed,  it  maj  be  said  that,  after  a  oarefal 
stndj  of  all  tbe  faoUt  collated,  tbe  following  concInsioDS  were  reacbed: 

(1)  The  approximate  length  of  tbe  sliding  gronnd  was  1  700  ft. 

(2)  The  approximate  width  of  tbe  sliding  gronnd  along  the  west 
margin  of  reaervoire  was  1 100  ft. 

(3)  The  approximate  width  of  the  sliding  gronnd  at  its  west  end 
was  400  ft. 

(4)  The  approximate  entface  area  of  tbe  sliding  gronnd  was  39.27 
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(5)  Theapproximftte  bed-rock  areaof  the  etidiDggTouiidwa82S.65 

(6)  The  approximate  area  of  the  water-shed,  which  includes  the 
western  end  of  the  eliding  tract,  was  26.46  acres. 

(7}  The  minimum  depth  of  the  bodj  of  the  slide  (Shaft  No.  6)  was 
46  ft. 

(8)  The  moximam  depth  of  the  body  of  the  slide  (Shaft  No.  2)  was 
112  ft. 

(9)  The  average  depth  of  the  slide  at  sixteen  shafts  in  the  main 
bod;  of  the  slide  was  77.8  ft. 

(10)  The  approximate  volume  of  the  sliding  mass  was  3  400  000 
on.  yds. 

(11)  "nie  approximate  weight  of  the  sliding  mass  was  4  600  000  tons. 

TABLE  No,  6.  -ExPBHPiTUBB  on  Aocoumt  of  8hj.ft8  ajto  TxymixLa, 
DcBwa  1897,  1898  anc  1899. 


Date. 

Labor. 

PamplDK. 

UaterlaU. 

Total  c«t. 

441.80 

lil 
II 

II 

s 

SIS.SU 

•m'.oi)' 

174. SB 
1M.90 

48.40 

48:75 

'"tf.'so 

BB.OO 

71.38 
S8.B4 

Gs.ao 
ee.s4 

12.88 
88.48 

II 
11 

18B.90 
OT.1IB 

1 
1 

i 

S80 

sii 

77 

Dee.      "    

« 
40 

b;'^;::;:ee; 

eo 

IG 

TqW 

faou.TO 

»B84.as 

SI  ITt.Ofi 

18M4K. 

^tnmfa  of  work  done: 

Shaft  excavation 1  497  lin.  ft. 

Tnnnei  excavation:  464  lin  ft.,  equivalent  to 
shaft  exeavation,  464  x  2,  or 908.  "    " 

Total  estimated  shaft  excavation 2ti>6  "    " 

Oatt  par  linear  foot t3.42 

Ziaborers'  wages  were  91.76  per  day  of  10  boors. 
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(12)  With  each  retaming  Atj  season  there  vm  a  marked  leaseniiig 
of  the  moTement,  followed  by  an  increase  daring  the  winter,  indicat- 
ing an  intimate  relation  between  the  Tohune  of  nKmthl;  rainfall  and 
the  rate  of  moTement,  as  shown  by  Table  No.  7,  prepared  in  Jannuy, 
1899,  and  oovering  the  Butveye  completed  to  that  date. 

TABLE  No.  7. 


TotAl 
rslntkU, 
Id  inched 

.5'.iu. 

Ulnimum. 

Ut^mum 

D«c,  leU,  to  Ukr,  ISSfl,  incluilTe. . 
June,  ine,  to  Nov., 1890. 

Jun8,lB»8,toNos..i8BB, 

S:SS 

ii 

1 

0.M 

11 

The  teadlDKS  are  tbo  mlulmnm  and  nuKimam  kTsrue  movement  at  elsht  dUIttrmt 
poinu  *long  thecent«ro(  tbeslld«,  between  Keaervolr  No.  4  and  tbe  "rounatop." 

The  flgnree  denoting  the  rainfall  have  been  compiled  from  tbe 
reports  of  the  United  States  Weather  Bureau.  The  obserTations  were 
taken  at  the  Weather  Bureau  office,  in  the  Cit;  of  Portland,  1|  miles 
distant  from  the  sliding  land  tract.  Elevation  abont  (160).  It  ma;  also 
be  stated  that  the  aix-month  period  following  the  last  one  given  in  the 
table  showed  a  very  marked  increase  in  the  rate  of  the  movement. 

(13)  The  snrvejB  thus  far  made  do  not  determine  that  the  move- 
ment is  at  a  uniform  rate  at  the  (^enter  and  along  the  sides  of  tbe 
sliding  ground,  but  probably  there  is  little  difference. 

(14)  Apparently,  the  movement  at  the  snrfaoe  and  on  the  bed-rock 
are  uniform. 

(15)  Apparently,  there  is  a  slight  soatherly  movement  taking  plwe 
near  the  west  end  of  tbe  slide  and  a  northerly  movement  aa  well  st 
the  central  portion,  the  bed-rock  being  slightly  inolined  in  these 
directions  as  well  as  to  tbe  eastward. 

The  inclination  of  the  bed-rock  at  different  points  on  the  slide  is 
shown  by  Table  No.  8. 

(16)  The  uniformity  of  the  movement  of  the  slide  ia  indicated  b? 
the  absence  of  snrface  cracks  across  the  oentral  portions  of  tbe  slid- 
ing tract. 
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TABLK  No.  8.— Bed-Book  Eibvatioks  axd  Blopbb. 


(IT)  Thftt  the  moTemeat  origiDRted  in  the  UDetable  masa  near  the 
restem  end  of  the  aliding  ground  is  indicated  bj  the  condition  of 
he  jointA  in  the  tails  of  the  oable  road  There  mnning  east  and  west. 
Vben  first  examined,  in  September,  1895,  these  joints  were  all  tightly 
doeed.  The  tails  were  also  distorted  at  the  angle  jast  east  of  Shaft 
io.  6,  as  shown  in  Fig.  2,  Plate  VI.  These  conditions  seem  to  point 
lO  the  conclnsion  that  the  pressure  was  maintj  from  above  and  that 
here  had  been  no  drawing  away  of  the  foot  of  the  slope  at  the  teset- 
'oiis;  or,  in  other  words,  that  the  movement  did  not  originate  at  the 
:e9erToirB. 

(18)  The  breaks  in  the  lining  of  Beserroits  Nos.  8  and  4,  and  also 
tt  the  battreea  built  against  the  lining  of  Resetvoit  No.  3,  have  been 
tamed  bj  the  movemeat  of  the  slide,  and  are  not  dne  to  local  slips, 
u  at  first  supposed. 

(19|  From  the  shaft  excavationB,  the  character  of  the  materiala 
lorming  the  mass  of  the  slide  has  been  determined  to  be  largely  of 
t>Token  rook  of  small  size  mixed  with  olay.  Across  the  central  por- 
;ioQ  of  the  slide,  in  the  vicinitj  of  Shaft  No.  1,  the  claj  and  fine 
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material  predominate,  forming  a  dike  meaBomblj  impervioUB  to 
Tater.  Eastward  from  that  point,  the  material  contains  leee  cla;  and 
does  not  hold  a  large  quantity  of  water. 

To  the  west  of  Shaft  No.  2,  and  also  near  the  head  of  the  slide,  the 
excavations  developed  at  some  points  qnite  a  body  of  day.  Betveen 
Shafts  Nos.  1  and  11,  and  still  fnrther  west,  water  pockets  of  con- 
sidarabte  magnitude  have  been  fonnd.  From  the  pocket  in  connec- 
tion with  Shaft  No.  1  more  than  3  900  000  galls,  of  water  were  pumped 
before  the  supply  was  exhausted;  and,  from  the  one  connected  with 
Shaft  No.  11,  about  600  000  galls,  were  pumped  before  work  was 
abandoned  at  that  point,  thu  effort  having  lowered  the  water  but  a 
few  feet. 

(20)  As  a  rule,  there  seemed  to  be  no  direct  connection  between 
the  different  bodies  of  underground  water,  or  between  the  several 
shafts  and  borings. 

(21)  The  several  bodies  of  water  discovered  were  all  in  close  con- 
tact with  the  clay  stratum  forming  the  bed  of  theslide,  and,  undonbt- 
edly,  have  had  much  to  do  with  the  ooutinuanoe  of  the  movement. 
This  is  shown  by  the  decrease  in  the  movement  which  occurred  be- 
tween December,  1897,  and  November,  1698,  during  which  period 
the  undergronud  reservoir  connected  with  Shaft  No.  1  was  disined 
by  pumping.  Fig.  4  is  a  profile  showing  the  elevation  of  the  wat«r 
atanding  in  the  shaft". 

(22)  Oomparing  the  rate  of  movement  of  the  slide  at  different  sea- 
sons of  the  year  with  the  volunke  of  the  rainfall  during  the  same 
period,  and  noting  also  that  a  greatly  reduced  motion  ensued  during 
the  time  that  the  drainage  of  Shaft  No.  1  was  in  progress,  succeeded 
by  an  increased  movement  during  the  following  winter  when  the 
shaft  was  again  filled,  it  seems  reasonable  to  conclude  that  the  move- 
ment was  largely  if  not  entirely  due  to  the  presence  of  water  in  the 
underground  reservoirs.  It  follows  naturally,  therefore,  that  the  per- 
manent removal  of  underground  waters  would  produce  a  permanent 
cessation  of  the  movement. 

The  conclusions  of  the  consulting  engineer  were  praeticaUy  in 
accord  with  the  foregoing  statements.  His  report  also  contained  in- 
teresting references  to  the  probable  origin  of  the  slide,  as  well  as 
reoommendations  regarding  the  best  method  of  overcoming  the  diffi- 
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Before  prooeeding  to  diaonss  th.e  remedy  propoaed  bj  the  cod- 
sultmg  engineer,  and  the  action  token  anbseqnentl;  in  oonneotion 
thereirith,  mention  ehoald  be  made  of  a  matter  which  at  one  time 
overehadoved  all  other  interests  completely,  threatening  a«  it  did 
an  enormoas  property  loae  to  the  city. 

During  the  latter  port  of  the  year  1897,  after  it  became  known  that 
the  Water  Committee  had  entered  npon  an  examination  of  the  sliding- 
land  question  with  the  view  of  determining  the  beet  method  of  reetora- 
tioD,  the  owners  of  abont  fiTe-siztha  of  the  moving  groand  instituted 
a  snit  against  the  city  for  damages  to  their  property.  They  claimed 
thai  the  excavation  of  the  reeerroirs,  in  the  antnmn  of  1898  and  in 
the  spring  and  snmmer  of  1894,  was  the  canse  of  the  movement,  and 
in  oonseqnenoe  of  this  movement  their  property  had  been  damaged 
to  an  amoont  aggregating  S439  000. 

Two  of  theae  enits  were  filed  within  a  few  months'  of  each  other. 
The  flret  was  aied  on  Febmary  16th,  1898,  by  the  King  Beal  EbUU 
Association,  claiming  damages  to  land,  S169  000,  and  for  injnry  to  the 
cable  railway  in  which  they  were  interested,  SlOO  000,  making  a  total  of 
$269  000.  The  second  auit  was  began  on  May  2d,  1898,  by  L.  F. 
Grover  et  al.  who  claimed  damages  to  22.6  acres  of  land,  at  S5  000 
per  acre,  or  JHIO  000,  and  for  damages  to  the  cable  railway  in  which 
they  were  interested,  |60  000,  making  a  total  of  8170  000. 

The  value  of  these  tracts  of  land,  as  given  on  the  assessment  roll 
for  the  year  1897,  was  as  follows: 

King  Beal  Estate  Association,  97  acres $38  000 

Orover  el  al.  West  End  Addition,  61  acres 28  100 

Grover  e(  <»£  West  End  Addition,  77     "     23  000 

Total  assessed  valnation t8i  100 

The  claim  made  by  the  plaintiffs  in  these  snits,  that  the  excava- 
tion of  the  reservoirs  was  the  primary  cause  of  the  movement  of  the 
adjacent  hillside,  was  not  regarded  by  the  Water  Committee  as  tenable, 
and  it  was  contested  strongly.  The  snits  were  fonght  by  the  city 
attorney  at  every  stage.  In  consequence  of  these  dilatory  proceed- 
ings, the  issnes  were  not  fully  made  np  and  the  trial  begun  until 
November  7th.  1899. 

The  report  of  the  consulting  engineer  hod  been  submitted  to  the 
Water  Committee  daring  the  preceding  Uarch,  bnt  had  been  with- 
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beld  from  publication,  on  ftccotmt  of  the  damage  enits  whioh  bad  beea 
iDBtitnted,  and  in  order  not  to  appear  to  prejadge  the  case  in  advance 
of  tbe  trial.  It  was  also  deaired  tbat  tbe  ooncliuioiui  of  tbe  report 
should  be  presented  first  in  the  form  of  teetimon;  for  the  defense 
upon  the  trial  then  in  prospect. 

I>imng  the  year  1899,  the  time  of  the  engineers  vaa  largely  en- 
grossed in  the  stndj  of  the  aliding-land  data  already  gathered,  and  in 
preparing  maps,  plana,  profllefi  and  exhibita  of  varione  kinds  for  nse 
in  the  coming  trial,  or  to  iUnstrate  some  new  phase  of  the  problem  in 
hand. 

The  trial,  which  was  began  on  November  7th,  1899,  was  of  exceed- 
ing interest,  and  importance,  u  well,  both  on  account  of  the  novelty 
of  the  conditions  leading  to  its  inception  and  the  mognitnde  of  the 
pecnniorj  intereeU  involved.  The  case  was  studied  closely  by  the  city 
attorney,  who  was  early  impressed  by  the  fact  that  the  cable  road  had 
been  in  sncoessfnl  operation  for  nearly  a  year  prior  to  the  beginning 
of  reservoir  constmotion,  and,  ae  far  as  then  known,  there  had  been 
no  difSonlty  in  its  operation.  This  was  regarded  as  a  strong  point  for 
the  plaintifT,  and  as  indioating.  tbat  tbe  reservoir  excavation  was  the 
originating  oanse  of  the  movement. 

The  investigations  made  by  tbe  engineers  seemed  to  point  con- 
olnsively  to  the  faot  that  the  movement  of  the  slide  mnst  have  been 
in  progress  for  some  years,  at  least  intermittently,  bnt  it  waa  impos- 
sible to  determine  wfaen  the  movement  began.  Owing  to  the  fact  that 
the  hillside  was  covered  originally  with  a  dense  forest  of  firs  and 
cedars,  with  a  smaller  growth  of  vine,  maple  and  alder,  of  which  it 
had  been  cleared  bnt  a  short  time  prior  to  the  oonstmction  of  the 
«able  road,  it  wonid  have  been  exceedingly  difBcolt  if  not  impossible 
to  determine  the  existence  of  any  movement  from  a  simple  inspection 
of  tbe  ground,  especially  when  the  monthly  or  yearly  change  was  as 
slight  as  it  is  known  to  have  been  in  this  instanoe.  In  further  explana- 
tion of  the  di£Bciilties  attending  sncb  observations,  it  may  be  said 
that  when  reservoir  coustmction  was  begun,  the  banks  of  the  ravine 
in  which  the  reservoirs  are  located  were  covered  with  fallen  timber 
and  dense  brush,  and  the  upper  or  western  third  of  the  sliding  tract 
is,  to  this  day,  covered  with  brush,  which,  during  the  summer  months, 
effectually  shields  the  ground  from  observation,  making  imperative 
the  use  of  instruments  in  order  to  gain  even  an  approximate  measure- 
ment of  any  movement  which  may  be  taking  place. 
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When  the  facts  eapporting  the  theory  of  "  an  ancient  slide  "  were 
placed  in  the  hands  of  the  city  attorney,  he  at  once  began  a  oampUKn 
of  investigation  and  search  to  determine  the  location  of  the  men  em- 
ployed in  snrreying,  bnilding  and  operating  the  cable  road  dnring 
the  two  years  that  elapsed  between  the  time  that  the  work  waa  begun 
and  the  final  abandonment  of  the  enterprise.  The  eearoh  continued 
for  months,  and,  when  the  day  of  trial  came,  the  masa  uf  testimony 
which  had  been  accnmnlated  (all  tending  to  eubatautiate  the  claim 
that  the  movement  of  the  hillside  was  in  progress  when  the  cable  road 
was  completed,  a  year  prior  to  the  commencement  of  reservoir  con- 
stmction),  mnst  have  been  «  snrprise  to  the  plaiDtif&.  So  many  wit- 
neues  were  offered  to  testify  to  a  movement  of  the  cable  track  at 
certain  points  that  the  Coort  declined  to  hear  them  all,  considering 
that  fact  established  beyond  qnestion.  The  witnesses  who  testified  on 
these  points  included  the  contractor  who  built  the  line,  and  the  in- 
spector and  car  men  who  operated  the  road  after  it  was  bnilt,  all  of 
whom  testified  to  the  difficnlties  experienced  in  maintaining  bridge 
bents  in  a  vertical  position  on  the  east  and  west  line,  and  the  align- 
ment of  the  cable  conduit  and  rails  where  they  crossed  the  slide 
from  north  to  sonth.  The  contractor  also  recounted  some  of  his  ex- 
periences in  forcing  the  track  back  into  line,  so  as  to  admit  of  cars 
passing  in  safety,  and  to  insni«  its  acceptance  by  the  company. 

The  engineers  engaged  as  expert  witnesses  for  the  city  formulated 
the  theory  of  an  "ancient  slide"  and  showed  the  depth  and  character 
of  the  material  forming  the  mass  of  the  slide,  as  well  as  the  inclination 
of  the  bed-rock  and  the  presence  of  a  stratum  of  plastic  clay,  with  an 
abundance  of  water  stored  in  the  interstices  of  the  rock  in  immediate 
connection  therewith,  all  supported  by  the  data  to  which  reference 
has  been  made  herein.  They  were  also  fortified  by  a  number  of  plans 
and  "exhibits"  prepared  especially  for  use  on  the  trial,  to  which  it 
may  be  interesting  to  refer  briefly. 

The  principal  one  of  these  exhibits,  and  in  many  respects  the  most 
valuable  of  all,  was  a  plaster-of-paris  model  of  the  reservoirs  and  the 
sliding  groond,  including  also  the  water-shed  sorronnding  the  head 
of  the  "slide,"  made  on  a  scale  of  1;600,  which  was  prepared  by  the 
Water  Committee's  engineers.  This  model  showed  the  original  ravines 
in  which  the  reservoirs  are  located  and  the  volume  of  the  material  re- 
moved in  excavating  the  reservoir  basins,  as  well  as  the  location  and 
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depth  of  the  rsTines  vhich  were  filled  by  the  property  ownen,  with- 
ont  Mieqaate  under  drainage.  The  mass  of  the  slide  was  also  oast  in 
a  separate  block  which  oonld  easily  be  removed  bo  as  to  show  the 
depth  of  the  elide  and  the  inclination  of  the  bed-rook  on  whiofa  the 
moTement  was  then  taking  place.  From  this  model  was  shown  the 
relative  insignificance  of  the  volume  of  the  material  removed  in  exca- 
vating the  reeervoir  basins,  which  amounted  to  only  about  3%  of  the 
mass  of  the  slide,  and  the  improbability  that  the  removal  of  this  small 
volume  oonld  have  caused  a  movement  of  the  slide  of  the  magnitude 
known  to  exist. 

Another  interesting  exhibit  need  npon  the  trial  was  a  diagram 
showing  a  comparison  of  the  volnme  of  the  rainfall  and  the  move- 
ment of  the  slide  for  corresponding  months,  from  Jannary,  1896,  to  the 
date  of  the  trial.  This  diagram  baa  ainoe  been  extended  bo  as  to- 
cover  the  entire  period  during  which  the  aurveye  have  been  continued. 
This  diagram  ia  shown  in  Plate  XII. 

The  measurement  of  rainfall  was  taken  from  the  reports  of  the 
United  States  Weather  Bureau  in  Portland.  It  is  to  be  noted  that 
while  the  amonnt  of  precipitation  is  extremely  la^e  for  some  months, 
notably  13. 12  ins.  for  November,  1896,  the  average  for  any  one  season 
rarely  exceeds  U  ins. 

The  movement,  as  recorded  on  the  diagram,  ie  the  average  of 
fourteen  points  observed  at  intervals  along  the  central  portion  of  the 
eliding  ground,  where  the  maximum  movement  was  supposed  to  have 
taken  place,  from  September,  18iK,  to  December,  1899.  Since  the 
latter  date  the  average  of  a  large  number  ot  points  has  been  taken, 
two  hundred  and  sixty  points  having  been  established  and  observed 
regularly.  The  average  of  the  readings  at  fifty-one  of  these  points, 
along  a  central  belt  100  ft.  wide,  has  been  used  in  plotting  the  dia- 
gram of  movement  for  1900-1903.  Uerely  casual  inspection  and  com- 
parison will  serve  to  show  the  apparently  close  relation  which  exists 
between  the  volume  of  the  rainfdl  during  what  may  be  called  the  wet 
and  dry  seasons  of  the  year — say,  from  December  to  Uay,  inclusive, 
for  the  former,  and  from  June  to  November,  inclusive,  for  the  latter 
— and  the  movement  of  the  slide  during  the  same  period.  It  will  be 
seen  from  the  digram  that  with  each  recurring  dry  season  there  was 
a  comaponding  cMaatifin  of  the  movement,  and  that  with  the  be- 
ginning of  the  winter  rains  the  movement  increased.      It  is  to  be 


b,GoogIc 


326  A  PHEKOUEHAL  LAND  BUDB.  [Pa.p«n. 

noted,  alBo,  that,  io  eaob  inetauoe,  an  interTRl  of  abont  one  month 
elapsed  between  a  ohange  in  the  Tolnme  of  rainfaJl  and  the  oorre- 
spouding  ohange  in  the  rate  of  movement. 

An  inepection  of  the  diagram  will  ehov  at  0D(^e  one  iiregnlaritf 
in  the  jearlj  movement,  namelj,  a  marked  inoiease  in  the  montUy 
movement  during  the  winter  montha  is  followed  aeoallj  bv  a  corre- 
sponding diminution  with  the  return  of  drj  weather.  The  expla- 
nation of  this  irregularity  in  the  movement,  which  occurred  during 
ihe  7earB  1897  and  1898,  forms  one  of  the  most  interesting  of  the 
developmeats  which  have  occurred  since  the  stud;  of  this  problem 
was  begun. 

It  will  bereaalled  that  while  the  excavation  of  Shaft  No.  1  was  in 
progresB  oouBiderable  water  was  found,  ths  drajning  of  which  was 
accomplished  bj  deep-well  pumps.  The  draining  of  this  well  was  in 
progress  from  August  19th,  1897,  until  January  31et,  1898,  tb«. total- 
volume  of  water  removed  during  that  period  being  more  than 
3  900  000  galls.  Even  then,  the  undorground  reservoir  had  not  been 
drained  thotoughlj,  for,  when  pumping  ceased,  the  water  rose  in  the 
shaft  to  a  height  of  several  feet. 

Bj  observing  the  diagram  it  will  be  noted  that  when  pumping 
from  this  shaft  was  in  progress,  the  moveraeut  did  not  increase  as 
rapidly  during  the  winter  months  as  it  had  during  former  seasons, 
although  there  was  a  slight  increase  from  August  to  February  when 
the  maximum  for  that  year  was  reached.  The  movement  for  February, 
1898,  was  only  0.30  in.,  as  compared  with  2.69  ins.  for  February,  1897, 
and  0.85  in.  for  Febrnary,  1899.  Perhaps  this  irregularity  can  he 
shown  beat  by  comparing  the  total  movement  for  the  entire  seasoD 
^ireoeding  with  the  total  movement  for  the  season  following  the  drain- 
age operations.  From  May,  1896,  to  May,  1897,  the  total  movement 
was  13.10  ins.  From  May,  1897,  to  May,  1898,  during  a  portion  of 
-which  period  pumping  was  in  progress,  the  total  movement  amounted 
to  only  1.57  ins.;  and  this  was  followed  by  an  increase  to  3.69  ins. 
during  the  year  beginning  May,  1898,  and  ending  May,  1899. 

It  is  probable  that  the  decreased  movement  noted  during  the  year 
1898  was  due  in  part  to  the  pumping  of  water  from  Shaft  No.  18,  in 
July  and  August,  amounting  to  650  000  galls. ,  and  from  Shaft  No.  11, 
in  October  and  November,  amounting  to  610  000  galls.,  but  it  is  be- 
lieved to  have  been  due  principally  to  the  thorough  drainage  of  the 
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lergroand  reservoir  oonnected  with  Shaft  No.  1.  Ab  bu  been 
»d,  the  drainage  of  this  bod;  of  water  was  ptactioallj  completed 
ranxiAiy,  1898,  pnmping  having  been  snspended  on  the  Slet  of  that 
ath,  and  the  water  was  thereafter  allowed  to  accnmnlate,  the  rise 
;he  shaft  indicating  the  rate  at  which  the  reservoir  was  beiog  filled. 
a  rate  was  noted  oarefnllj,  and  it  was  observed  that  the  nnder- 
nod  reservoir  was  not  filled  to  its  original  height  nntil  the  end  of 
cember  of  that  ^ear. 

I>aring  the  period  when  this  nndergronnd  reservoir  was  being- 
ined,  and  for  some  months  thereafter,  the  movement  was  at  a 
atlj  diminished  rate.  When  the  nndergronnd  reservoir  was  again 
Bd  the  rate  of  movement  began  to  increase  nntil  it  was  more  than 
able  that  of  the  preceding  fear,  and  this  uniformity  of  rise  and  fall 
B  continned  for  the  two  seasons  following. 

It  -was  this  seeming  coincidence  of  the  cessation  of  the  movement 
Ji  the  draining  of  the  nndergronnd  reservoir  at  Shaft  No.  1  whioh 
)t  changed  conviction  into  certainty  that  the  canse  of  the  slide  was 
be  fonnd  in  the  nndergronnd  water  stored  in  varions  portions  of  the 
ding  ground,  and  hence  it  followed  that  a  remedy  for  the  difficulty 
M  to  inangorate  a  thorough  system  of  drainage. 

This  diagram  was  one  of  the  most  important  and  convincing  "  ei- 
bits  "  introdnced  by  the  Water  Committee  in  defending  the  suit,  aa 
showed,  clearly,  that  the  movement  depended  more,  and  chiefly, 
)On  the  Tolnme  of  water  falling  upon  the  surface  and  stored  in 
idergronnd  reservoirs  in  the  interatices  of  the  broken  rock  forming 
large  portion  of  the  mass  of  the  sUde,  than  apon  the  removal  of  a 
lall  fragment  of  earth  from  the  toe  of  the  slope.  In  addition  to  the 
cegoing,  a  number  of  cross-sections  of  the  sliding  ground,  and  tables 
lowing  the  results  of  surveys,  etc.,  were  introduced  at  the  trial.  The 
OBs-Bections  are  shown  on  Plate  IX.  ' 

The  trial  of  the  damage  suit  of  the  King  Real  Estate  Association, 
le  flret  one  instituted,  was  begun  on  November  9th,  and  was 
Tminated  on  November  26th,  1899,  in  a  verdict  in  favor  of  the  city. 

The  expert  witnesses  who  testified  for  the  plaintiff  were  Arthur  L. 
dams,  M.  Am.  Soc.  G.  E.;  Franklin  Riffle,  M.  Am.  Boo.  C.  E.,  and  W. 
-  Crosdahl,  G.  E.  Those  who  testified  for  the  city  were  Col.  Q.  H. 
iendeU,  M.  Am.  Soc.  C.  £.,  Consulting  Engineer  (since  deceased); 
teorge  L.  Dillman,  H.  Am.  8oo.  C.  E. ;  F.  I.  Fuller,  M.  Am.  Soc.  C.  E., 
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and  J.  A.  Hnrlbnt,  C.  E.  The  teBtimon;  of  these  witDessee  wu  of  mi 
exceedingly  intereBting  ohuactcff,  bat  speciaJ  reference  to  it  at  this 
time  is  omitted  pnrpoaelj,  in  tbe  hope  that  some  of  these  gentlemen 
will  participate  io  the  discnsaion  of  this  pnper,  giving  the  reenlte  of 
their  inTeatigatioas  and  oonclosiona. 

As  a  resnlt  of  this  rerdict  the  second  suit  vaa  not  pressed  for  trial, 
Although  an  attempt  vas  made  by  the  oity  to  have  it  set  for  an  early 
date.  In  a  few  weeks,  however,  the  several  owners  of  the  sliding  land 
made  overtures  to  the  Water  Committee  to  sell  to  the  city  a  laige 
tract,  nearly  60  acres,  including  the  sliding  land  and  snrronnding 
water-shed,  for  a  snm  which  was  regarded  as  reasonable,  and  the  pur- 
chase of  this  land  was  completed  a  few  months  later.  Thus  the  Water 
Committee  aoqnired  control  of  all  the  lands  adjacent  to  the  reservoirs, 
and  sloping  thereto,  and  hence  will  be  able  to  eliminate  all  danger  of 
complications  which  might  arise  throagh  occupation  of  the  premisea 
by  private  owners.  This  tract,  ultimately,  will  be  added  to  the 
present  Oity  Park,  which  it  adjoins,  making  an  area  of  more  than  100 
Acres  available  tor  park  pnrposes. 

The  purchase  of  the  sliding-land  tract  by  the  city  was  concluded  in 
May,  1900,  the  terms  arranged  with  the  property  owners  inclnding  an 
Agreement  for  the  construction  of  a  24-in.  sewer  to  convey  the  surface 
drainage  from  the  upper  portion  of  the  King  ravine  water-shed  into 
the  Washington  Street  sewer,  north  of  the  reservoirs,  this  sewer  to 
be  completed  prior  to  October  Ist,  1901.  The  drainage  from  this 
ravine,  originally,  was  provided  for  by  a  24-in.  sewer  which  passed 
near  the  north  end  of  Beeervoir  No.  3,  and  thence  through  the  Park  to 
the  main  sewer  in  Washington  Street.  The  new  sewer  vras  proposed 
as  an  additional  safeguard. 

During  June,  1900,  the  writer  presented  to  the  Water  Committee  a 
statement  of  the  work  then  Boeomplished  and  the  reasons  for  believing 
that  the  slide  could  be  stopped  by  a  thorough  system  of  nnder-drain- 
Age  along  bed-rock,  as  recommended  by  the  consulting  engineer  and 
supported  by  the  testimony  of  the  engineers  engaged  as  expert  wit- 
nesses upon  the  trial  of  the  King  damage  suit,  in  behalf  of  tfa«  plain- 
tiff as  well  as  the  defendant,  and  requested  authority  to  undertake  the 
immediate  conatmction  of  the  drainage  tunnels  in  qaestioo.  This  re- 
port was  accompauied  by  a  map  showing  the  main  drainage  tunnels 
proposed.     The  plan  proposed  by  the  consulting  engineer  called  for 
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the  conBtmctioa  of  the  main  tmiDel  leading  west  from  BeeerToir  No. 
4  to  the  line  of  the  old  cable  track  on  Kingaton  Avenue,  and  left  the 
qaeation  of  bruicheB,  or  the  further  eiteneion  of  the  main  tnnnel,  to 
be  determined  as  the  work  progreesed.  Upon  this  preaentation,  the 
writer  was  directed  by  the  Water  Committee  to  begin  the  work  of 
tnnnel  constrnctioQ  at  once.  All  prelinmiaFy  arrangements  were  soon 
made,  and  the  work  of  excavation  for  the  drainage  tunnels  was  b^nn 
on  Jnly  2d,  1900. 

The  size  of  the  tunnel  was  fixed  at  the  smalleist  dimensions  that 
wonld  coDveuieotlj  answer,  the  inside  dimensions  being  3  ft.  2  ins. 
wide  on  top,  3  ft.  9  ins.  wide  at  the  bottom,  with  a  clear  height  of  6  ft. 

1  ins.     The  timbers  ased  were  6  x  8-iii.  spaced  at  8-ft.  centers,  with 

2  X  S-in.  lagging.  The  required  excavation  approximated  1.25  en.  yds. 
per  linear  foot  of  tnnnel.     (See  Fig.  6.) 

The  plan  adopted  for  the  prosecution  of  the  work  called  for  the 
commencement  of  the  excavation  at  the  lower  end  of  the  tnnnel  at  the 
bottom  of  Reservoir  No.  i,  and  also  at  one  or  more  of  the  exploration 
shafts  which  bad  been  opened  to  bed-rook  two  years  before,  the  line 
adopted  fur  the  main  tnnnel  passing  tbrongh  Shafts  Nob.  18,  2  and  1 
to  Shaft  No.  11  at  the  cable  road.  These  shafts  were  made  3  ft.  2  ins. 
square,  in  the  clear.  To  expedite  the  work  at  these  shafts,  a  small 
hoiet  waa>  constructed  to  be  operated  by  a  steam  engine,  similar  to 
those  in  nse  by  builders.  This  hoist,  necessarily,  was  of  rathw  dimin- 
utive size,  the  platform  being  only  25  ins.  wide  in  the  clear  between 
the  aide  timbers,  and  about  30  ins.  long.  Several  small  dnmp  cars,  of 
such  size  as  could  be  carried  safely  upon  the  platform  of  the  hoist, 
were  made,  the  capacity  of  the  box  being  about  6  en.  ft.  The  gauge  of 
the  track  was  18  ins.  The  wheels  were  9  ins.  in  diameter.  These  care 
were  run  on  a  strap-iron  track  laid  on  2  x  4-iD.  stringers  on  the  floor 
of  the  tunnel,  and,  when  filled,  were  pushed  by  hand  to  the  foot  of  the 
shaft  and  thence  hoisted  to  the  surface  and  dumped.  In  most  cases 
the  grade  of  the  tunnel  was  sufficient  to  take  the  car  from  the  heading 
to  the  shaft  by  gravity,  the  empty  cars  being  pushed  l>ack  by  band. 
This  arrangement  proved  to  be  quite  effective  and  economical. 

To  expedite  the  work,  day  and  night  crews  were  employed,  for  a 
time,  at  two  different  headings,  until  the  tunnel  had  been  completed 
as  far  as  Shaft  No.  2.  From  that  point  only  one  heading  was  worked, 
although  day  and  night  crews  were  employed,  each  working  aten-bonr 
shift. 
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ComiHtfRtiTel;  little  water  was  enooaatereddariDg  the  early  stages 
of  the  work,  BDd  it  was  Dot  until  October  80th,  when  the  tnnnel 
reached  the  Ticinit?  of  Shaft  No.  1,  a  distanoe  of  890  ft.  tram  Beeer- 
Toir  No.  i,  that  water  was  fonnd  in  any  considerable  quantity.  At 
this  point,  the  water  stored  in  Shaft  No.  1,  then  etanding  at  a  depth 
of  70  ft.,  wae  drained  away.  A  few  days  later  the  tnnnel  was  carried 
to  the  foot  of  the  shaft,  912  ft.  from  BeaerToir  No.  4,  and  connection 
was  made  with  the  water-bearing  stratnin  from  which  the  shaft  had 
been  sapplied.  For  a  nnmbei  of  honrs  the  discharge  of  water  from 
this  source  was  so  strong  that  it  overflowed  the  box  gutters  prepared 
for  it,  and  caused  the  suspension  of  all  work.  The  flow  diminished 
somewhat  within  an  hour  or  two,  but  it  was  estimated  that  approxi- 
mately 1800  000  galls,  were  drained  away  within  the  next  twenty 
days,  by  which  time  the  flow  had  diminished  to  abont  25  000  galls. 
per  day. 

About  the  middle  of  January,  1901,  the  tnnnel  exoavation  hod 
reached  Shaft  No.  11,  1  176  ft.  from  Beservoir  No.  L  The  water 
standing  in  this  shaft  was  drained  away  safely,  but  the  flow  from  the 
loose  material  surrounding  the  shaft  oontinued  at  the  rate  of  166  000 
galls,  per  day  tor  a  namber  of  days.  Before  reaching  ibis  shaft,  the 
tonnel  passed  through  a  wall  of  light-colored  clay,  some  18  to  20  ft. 
in  thickoese,  and  so  dense  and  compact  that  very  slow  progress  conid 
be  made  with  the  excavation.  Only  a  small  fragment  oonld  be  removed 
on  the  point  of  a  pick,  and  at  times  wedges  were  nsed  to  break  out 
blocks  of  the  material. 

The  finding  of  this  wall  of  compact  material  to  the  eastward  of 
this  shaft  was  oonArmatory  of  the  diagnosis  of  the  consulting  engi- 
neer, for,  apparently,  this  wall  or  dike  of  clay  was  holding  back  the 
water  in  the  underground  reaerroir  in  exactly  the  same  manner  as  was 
done  by  the  body  of  clay  fonnd  to  the  eastward  of  Shaft  No.  1.  In 
both  instances  the  body  of  clay  was  so  compact  as  to  be  practically 
impermeable  to  water. 

The  flow  of  water  from  the  undergronnd  reservoir  at  Shaft  No.  11 
proved  to  be  so  strong  that  it  interfered  with  the  oontinuanoe  of  the 
tunnel  work  at  that  point,  and,  accordingly,  the  tnnnel  party  was 
moved  back  to  Shaft  No.  1,  from  which  point  a  branch  tunnel  was 
started  in  a  northwest  direction  toward  Shaft  No.  8.  This  tnnnel  was 
begun  in  January,  1901,  and  on  March  29th  was  completed  to  Shaft 
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No.  6>  ft  diBtKDoe  of  427  ft.  Onlj  small  qaantitieB  of  water  were  (onnd 
in  this  tmiDel.  A  small  quantity  had  aconmalated  in  Shaft  No.  6  and 
the  short  tunnel  connected  thereiritb. 

Work  on  the  main  tnnnel,  at  Shaft  No.  11,  was  lesnmed  in  April, 
the  water  stored  ita  the  interstioes  of  the  rock  having  drained  away  hj 
that  time,  so  aa  to  admit  of  the  aontinnation  of  the  ttmnel  excavation 
with  some  degree  of  comfort.  The  flow,  however,  continued  for  some 
time  at  the  rate  of  from  60  000  to  60  000  galls,  per  day. 

Instead  of  mnning  west  from  this  point,  on  the  conne  laid  down 
originallj,  it  was  decided  to  deSect  the  tnnnel  to  the  sontliweBt  so  as 
to  rca^b  the  southern  limit  of  the  slide,  thus,  with  the  northern 
branch,  covering  the  entire  width  of  the  sliding  ground  and  serving 
to  cut  off  anj  and  all  bed-rook  drainage  from  the  west. 

The  southern  rim  of  the  slide  was  reached  on  June  14tb,  1901.  the 
tunnel  excavation  having  passed  bejond  the  limit  of  the  water-bear- 
ing material  and  into  dry  clay.  The  line  of  the  movement  at  the 
margin  of  the  slide  was  defined  plainly  between  two  masses  of  yellow 
clay,  the  marginal  slope  being  1.2  vertical  to  1  horizontal,  tiom  the 
tnnnel  level  to  the  surface  of  the  gronnd. 

TABLE  No.  9.— Cost  of  Obaisaok  Tuin<Ei.s,  Jnnx,  1900,  to  Deckh- 
BSB,  1901. — ExPENsirDBEB  roR  Matkriam  and  Labob,  Exclusive 
OP  SUBVETH  AMD  SnPBBurrmtDENGB. 


Date. 

■■'^'S,""- 

"ESa"" 

Tout  con. 

,„„    ,  ""■ 

SJ-U 

im 

■3 
S 

i 

lis 

■11 

a 
il 

t.m 
a. BO 

ttOT 

(E.« 

ti4  «n  14 

b,GoogIc 


CLARKE  ON  A  PHENOMENAL  LAND  SLIDE. 


b,  Google 


FapenJ  A.  PHBNOHMirAL  LAVD  SLIDB.  283 

When  the  ezoATatian  had  reached  this  point,  the  Committee  de- 
cided to  eontinne  the  tnnnel  to  the  extreme  weeteni  end  of  the  elide 
ie  Older  to  iiuare  the  draim^e  of  all  large  water  deponts.  Tfait 
weateni  extension  of  the  tnnnel  wm  began  in  Jnne,  1901,  and,  paesing 
through  Shafts  Nos.  14  and  18,  was  completed  on  September  11th,  to 
Shaft  No.  4  near  the  extreme  western  end  of  the  sliding  traoL  The 
force  was  then  disbanded.  The  total  length  of  drainage  tnnnel  com- 
pleted during  the  tonrteen  months  that  the  work  was  in  progress  was 
2  607  lin.  ft.,  costing,  for  material  and  labor,  S14  161. 

The  wages  paid  were:  Outside  laborers,  S2  per  day  of  10  hours; 
tunnel  men,  S2.26  and  $3  per  day. 

The  main  characteristics  of  the  material  encountered  in  the  tun- 
nel are  shown  upon  the  profile  of  the  tunnel  line,  Plate  XIII,  but 
the  following  details  maj  be  of  interest : 

When  the  drainage  tunnel  was  commenced,  the  initial  point  was 
established  at  the  lowest  point  in  the  reservoir  bottom,  opposite  the 
gate-house,  from  which  point  a  12-in.  drain  pipe,  laid  during  the 
original  oonatmotion,  connected  with  the  main  sewer.  Borings, 
made  in  1H95-96,  had  developed  the  fact  that  most  of  the  reservoir 
bottom  was  either  upon  or  within  a  few  feet  of  bed-rock,  while  a  few 
feet  west  of  the  bottom,  and  immediatelj  underneath  the  west  elope, 
was  found  a  bed  of  clay  which  extended  from  12  to  20  ft.  below  the 
reservoir  bottom.  Apparentlj,  this  depresEion  in  the  bed-rock  had 
been  the  ancient  bed  of  tbe  creek  which  had  been  filled  by  the  slide, 
thus  causing  the  creek  to  form  a  new  bed  further  east  and  upon  a 
higher  level.  It  was  expected  that,  for  the  first  75  to  100  ft.,  the 
tunnel  would  be  in  this  clay  bed  and  quite  a  distance  above  the  bed- 
rock, and  it  was  not  known  but  that  secondary  lines  of  movement 
might  be  found  as  low  as  the  bottom  of  the  reservoir  ;  bnt  this  did  not 
prove  to  be  the  case.  For  the  first  few  feet  a  ridge  of  loose  rook,  3  ft. 
high,  was  enoonntered,  and  after  passing  this  loose  rook  dike  only 
clay  was  found  until  the  bed-rook  was  struck  on  its  upward  slope,  at 
a  distance  of  about  300  ft.  from  the  moutb  of  the  tunnel.  For  tbe 
first  70  ft.  the  tnnnel  grade  rose  2  ft.,  and  from  that  point  the  slope 
was  uniform  to  the  bottom  of  Shaft  Mo.  IS,  where  bed-rock  had 
already  been  uncovered.  While  passing  through  this  mass  of  clay 
no  cracks  which  gave  the  slightest  indication  of  any  movement  at 
the  level  of  the  tnnnel  were  found. 
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At  a  disl&iice  of  104  ft.  from  the  reseryoir,  the  new  tunnel  pasBed 
under  the  short  tannel  built  in  1894  in  the  rear  of  the  conoiete  retun* 
ing  walL  It  was  in  this  old  tnnne]  that  an  old  tree  stump  or  log  ot 
wood,  in  a  fair  state  of  preeeivatiou,  was  foand,  at  on  approiimat« 
depth  of  40  ft.  below  the  original  sorfaoe  of  the  ground. 

The  sewbr,  for  the  oonvejanoe  of  the  snrfaoe  water  from  the  water- 
shed of  Eing  ravine  into  the  Washington  Street  sewer,  to  which  refet- 
enoe  has  alreadj  been  made,  consisted  of  1  602  ft.  of  24-in.  terra  cott* 
pipe  and  148  ft.  of  14-in.  oaat-iron  pipe,  a  total  length  of  1 760  ft.  Itt 
oonstiaotion  was  begnn  in  Jnlj  and  completed  earl;  in  November, 
1901,  and  cost,  for  materialB  and  labor,  $6  12S. 

As  has  been  stated,  the  dr&inage  tnnnels  were  completed  in  Sep- 
tember, 1901,  and  since  that  date  the  onlj  work  in  oooneotion  with 
the  reserroLTB  has  been  to  make  freqnent  sarreys  of  the  lines  estab- 
lished to  determine  the  rate  of  the  movement,  and  also  to  measnie 
the  flow  of  water  from  the  tnnnels. 

The  range  lines  establiahed  in  1696,  when  the  limits  of  the  slide 
had  not  been  defined  closely,  were  observed  regnlarly  nntil  Decem- 
ber, 1899.  At  that  time  it  was  decided  to  eetabliah  a  new  eeriee  of 
lines  covering  the  gjonnd  more  thoronghlj  than  had  been  done  here- 
tofore. In  puFBuanoe  of  this  plan  range  lines  were  marked  out,  cross- 
ing the  sliding-land  tract  from  north  to  south,  at  intervals  of  100  ft. 
for  the  entire  distance  between  the  reservoirs  and  the  apex  of  the 
slide.  (See  Fig.  6.)  Points  for  observation  were  established  along 
these  lines  at  intervals  of  60  ft.,  making  a  total  of  two  hundred  nad 
sixtj  points  known  to  stand  npon  gionnd  which  had  been  moving. 
These  points  were  marked  by  a  section  of  1  ot  IJ-in.  iron  pipe  aboat 
20  ina.  long,  driven  flnsh  with  the  snrface  of  the  ground,  the  top  of 
the  pipe  being  filled  with  lead  in  which  a  tack  was  driven.  SnrvejB 
of  these  range  lines  have  been  made  at  frequent  intervalB  since  they 
were  established,  and  the  resnlts  of  these  surveya  have  been  tabulated 
and  plotted  npon  Plate  XII,  showing  the  comparison  between  the 
rainfall  and  the  movement  of  the  slide. 

Id  farther  explanation  of  this  diagram  it  may  be  said  that  the 
monthly  movement  during  the  years  1696  to  1899,  inoluaive,  has  been 
computed  from  the  average  of  readings  taken  at  fourteen  points  eetab- 
Ushed  along  seven  of  the  original  range  lines,  situated  within  the 
limits  of  a  central  belt,  200  ft.  wide,  extending  from  the  north  end  of 
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DIAGRAM  SHOWINQ  IUH«e  LINES  ESrABLl^BD  IN  RCEMBER,  1899.  C 

THE  ENTIRE  AREA  OF  MQVIHS  GROUND,  AND  OBSERVED  SINCE  THAT  DATE. 
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BBMrroir  No.  1  to  the  center  of  the  "  round  top,"  vest  of  Kingston 
Avenue  utd  the  old  cable  railwa;.  The  conrae  of  this  oentral  belt 
approiimatOB  oloael;  the  line  of  the  nuximnm  movement. 

The  points  selected  from  the  anxvejB  made  since  December,  1899, 
have  been  taken  from  the  oential  belt,  and  comprise  fifty-one  stations 
taken  from  seventeen  of  the  north  and  sonth  range  lines.  (The  ob- 
servations plotted  show  a  movement  somewhat  in  excess  of  the  average 
of  all  the  points,  covering  the  entire  area  of  the  moving  gronnd.) 

From  a  stndy  of  Plate  XII  and  other  data  it  is  very  apparent  that 
the  tnnnels  have  been  effective  in  draining  ava;  the  water  pockets  and 
bringing  abont  a  condition  of  stability  in  the  eliding  mass.  It  is  also 
to  be  noted  how  closely  the  decreasing  movement  of  the  slide  seems 
to  have  corresponded  with  tbe  progress  of  the  tmmel  vork  and  the 
increasing  area  of  drained  ground. 

The  resnJts  of  the  drainage  work  thus  far  have  been  very  satisfac- 
tory, for  dnring  the  two  years  which  have  elapsed  since  the  tnnnels 
irere  completed  there  has  been  no  appreciable  movement  of  the  slide. 
The  surveys  have  shown  some  slight  variations  at  individnal  points, 
from  month  to  month,  but  these  variations  have  jiot  been  confined  to 
one  locality  and  not  always  to  consecutive  points  upon  the  same  range 
line.  Under  the  circumstances,  it  has  been  thought  but  fair  to 
assume  that  the  variations  noted  in  the  readings  at  various  points 
have  been  due  in  part  at  least  to  errors  in  the  instrumental  work. 

The  instrument  used  in  making  these  surveys  since  1897  is  a  Buff 
and  Berger  transit-theodolite.  No.  11,  purchased  espreesly  for  this 
work.  Cai«  has  been  taken  to  insure  the  aoourocy  of  the  surveys 
which  have  been  made  from  month  to  month,  these  having  been  re- 
peated in  whole  or  in  part  more  than  eighty  times  during  the  past 
eight  years.  As  a  rnle,  the  readings  have,  been  taken  from  a  single 
transit  station  at  the  end  of  each  range  line,  a  plumb-bob  string, 
caretolly  supported,  being  used  instead  of  a  line  rod.  In  order  to 
be  conservative  in  the  matter,  it  has  been  considered  that  a  varia- 
tion of  0.02  ft.  between  consecutive  monthly  readings  did  not 
necessarily  mean  that  a  movem^it  had  taken  place  at  any  point  dur- 
ing any  particular  month.  If  successive  surveys  showed  an  increas- 
ing variation  from  the  original  line  it  was  then  assumed  that  there 
had  actually  been  a  movement  at  that  point.  The  photographs  show 
that  the  surface  of  the  slide  is  rough  and  broken,  and  hence  it  will 
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be  seen  ttutt  a  light  at  the  taok  head  oonld  not  always  be  taken.  It 
bw  therefore  be«t  aaonmed  Uiat  for  the  pnrposee  of  the  vork  0.02  ft. 
was  not  ui  onreaaonable  allowanee  for  insimmental  error  in  the  snrrej 
-of  the  range  lines. 

The  flow  of  water  from'the  tannel  dtainfl  baa  been  obaerred  at  fre- 
quent intervals  since  their  completion,  and  the  daily  flow  has  been 
found  to  range  between  10  000  and  16  000  galls,  daring  the  sammer, 
and  from  26  000  to  60  000  galls,  during  the  winter.  After  severe  rain 
Btmms  the  flow  sometimes  increases  to  76  000  galls,  per  day  for  a  short 

The  resnlts  achieved  have  been  particularly  gratifying,  for,  while 
the  expense  of  the  reclamation  work  thus  far  undertaken  has  been 
qnite  large,  amoonting  to  more  than  $31  000  daring  the  years  1896  to 
1901,  exclasive  of  the  ontlay  for  engineering  and  saperintendence,  yet 
the  resnlts  accomplished  fnlly  justify  the  coarse  followed  by  the  Water 
Committee. 

The  patience  of  the  'Water  Committee  in  waiting  tor  the  plans  of 
the  engineers  to  be  tally  developed,  and  their  wisdom  and  courage  in 
execntiag  these  plans  so  thoroughly  after  they  had  been  formulated, 
is  especially  worthy  of  mention. 

The  Committee  can  now  look  forward  with  oonfldence  to  the  time, 
not  tar  distant,  when  the  reservoirs  can  be  folly  repaired  and  put  into 
service,  thus  forming  a  beautifnl  and  attractive  feature  of  the  park 
system,  as  well  as  fulfllling  the  asetnl  purpose  for  which  they  were  de- 
signed originally.  They  will  thus  save,  for  the  nae  of  the  City, 
property  which  cost  originally  more  than  9600  000. 

The  work  of  replacing  and  repairing  the  broken  linings  of  the  reser- 
voirs is  yet  to  be  done,  and  also  that  of  making  permanent  the  tunnel 
drains.  It  was  at  one  time  planned  to  begin  this  work  daring  the  year 
190S,  but,  large  expenditures  being  required  for  extending  distribution 
mains,  the  reservoir  work  has  been  postponed. 

Plans  are  in  course  of  preparation  tor  this  repair  work,  and  also  for 
a  concrete  sewer  to  be  built  inside  of  the  drainage  tunnel,  so  as  to  pro- 
vide a  permanent  outlet  for  all  waters  percolating  through  the  body  of 
the  slide  and  reaching  bed-rock.  When  this  work  is  accomplished,  the 
"land  slide  "  at  the  Portland  reservoirs  will  have  become  an  event  of 
the  past,  and  will  soon  be  forgotten  by  all  but  those  who  have  been 
intimately  connected  with  the  work. 
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That  the  engmeen  who  have  been  familiar  with  the  details  of  this 
work  haye  profited  bj  their  experience,  ia  nndonbtedlj'  tme,  and  it  is 
with  the  thought  that  the  lessona  tangbt  hj  the  experienoee  related 
herein  might  be  helpfnl  to  other  members  of  the  profeesioD,  that  the 
writer  has  ventured  to  describe,  with  a  fallneae  of  statement  whioh 
might  not  be  jastifiable  imder  other  oircnmstancee,  the  diffionltiee  en- 
oonntered  and  overcome.  If  the  record  herein  given  proves  to  be  help- 
fnl  to  anj  profesaioaal  brother,  then  the  purpose  of  the  writer  wiU 
have  been  accomplished. 
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AMEEIOAN  SOCIETY  OF  CIVIL  ENGINEEB8. 

INSTITUTED    ISBS. 


PAPERS  AND   DISCUSSIONS. 


LATERAL    EARTH     PRESSURES     AND    RELATED 
PHENOMENA. 


By  E    P.  GooDUGH,  Jnn.  Am.  Soc.  C,  E. 
To  Bx  FnESENTBD  April  20fh,  1904. 


Intboduction, 


While  thuories  ooacemiag  the  action  of  grannlftr  maasee,  as  to 
planee  of  mptnre  and  of  friction,  and  as  to  lateral  preeB-ares,  etc.,  are 
fairly  uumeroas,  the;  are  not  at  all  concordant  in  the  results  they 
prodnoe,  and  these  resnlts  are  not  in  accord  witli  the  few  experiments 
thus  far  made  pnblio,  or  with  common  en^^eering  practice  in  the  de- 
sign of  Btractnfes  having  to  do  with  snch  grannlar  substances.  It  is 
hoped  that  the  experiments  herein  described  will  throw  some  light 
upon  the  sabject,  aid  designers  in  getting  nearer  to  the  requirements 
in  aotaal  caeee,  serve  to  correct  some  errors  in  the  several  theories,  and 
form  a  nnolene  around  which  to  bnild  practicable  working  rules  or 
perhaps  a  theory  which  will  indeed  agree  with  fact. 

The  order  of  presentation  of  the  following  material  ie  almost  the 
opposite  of  that  in  which  it  was  worked  oat. 

I(oTB.~Th«ep»persarelBaued  before  Che  date  set  [or  presentation  and  digcDHdao. 
CarrespoDdence  is  invited  trom  tbose  wbacannot  be  present  at  the  meetiue.  sod  may  be 
eeat  hy  moil  to  the  Secntaiy.  DIsciusIod.  either  oral  or  written,  will  be  publlgbed  In  a 
Babeequeut  number  of  Pracecdinm.  and,  wben  flnaUy  cloeed.  the  papers,  witb  discuaslon 
In  lull,  will  be  published  In  Tmruactiont. 
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WoBK  OP  Othhb  Obskbtxbs. 
An  analjBii  of  the  data  given  bj  Sir  Benjamin  B&ker,  in  hia  paper,* 
"Tlie  Aotaal  Lateral  Fresanre  of  Eacthwork,"  warrants  perhaps  one 
deduction,  vit.,  that  the  ooarser  the  materiale,  the  less  the  lateral 
presBore.  The  onrres  of  Fig.  1  show  that,  for  ooal,  shingle,  ballast 
and  macadam  material,  the  results  are  fairlj  concordant,  and  that  the 
lateral  presstire  tor  stich  materiale  is  abont  one-tenth  o(  Uie  vertical 
pressnre,  and  varies  nniforml;  with  it.  It  appears  that  the  lateral 
preesote  for  day  nms  often  to  one-fifth  of  the  vertical  pressnre,  while 
in  loose  earth  it  varies  between  one-tenth  and  one-flftb. 

The  work  of  Q.  H.  Darwin,  described  in  his  paper,t  "On  the 
Horizontal  Thrust  of  a  Mass  of  Sand,"  is  of  little  practical  value  be- 
canse  of  the  small  size  of  his  model,  bnt  several  of  his  condnaions  are 
interesting.  He  sajs,  "  the  coefficient  of  maiimnm  internal  frictioo 
is  probablj  very  different  in  diflFerent  parts  of  a  mass  of  sand,"  and  it  is 
not  equal  at  an  j  point  to  that  of  the  tains  of  greatest  possible  slope,  and 
"is  a  function  of  the  preeanre,"  and,  also,  "  of  the  pressoreaiid  shak- 
ing to  which  at  some  previons  period  the  mass  of  sand  has  been  sub- 
jected. "  Fig.  2  shows  the  range  of  his  experiments,  plotted  to  a  scale 
for  comparison  with  others. 

A..  A.  Steel,  in  his  article,!  "  Experiments  in  Earth  Preesnres  against 
Retaining  Walls,"  concludes,  in  part,  from  his  work:  That  the  lateral 
"pressure  is  not  eqnal  to  a  constant  times  the  head"  (vertical 
pressure);  that  the  surface  slope  has  some  slight  effect  upon  the 
lateral  pressure;  and  that  "  the  nearness  of  the  solid  bottom  "  (of  his 
model)  3  "  has  an  unknown  but  large  effect  on  the  lateral  pressnre." 
His  last  conclusion  is,  reallj,  that  the  compressibihty  of  the  earth, 
oombiued  with  its  arching  effect,  affects  largely  the  lateral  pressure. 
The  results  of  his  experiments,  in  terms  of  vertical  and  lateral 
pressures,  are  shown  in  Figs.  3,  4  and  6.  For  dry  and  moist  earth,  he 
finds  that  the  lateral  pressure  is  from  one-fifth  to  one-third  of  the 
vertical  pressure,  and,  in  saturated  materials,  is  practically  equal  to  it. 
The  excessivelj  large  and  the  almost  minnte  pressures  nsed  by 
Oeorge  Wilson,  described  in  his  papeF,{|  "  Some  Experiments  on  Con- 

•  Minute*  of  Prorttdlngt.  Inal.  C.  E.,  Vol.  LXV,  p.  MO. 
i  mnuta  of  PTwx€dingt,laat.  C.  E.,  Vol.  LZH,  p.  SED. 
I  Engineering  JVcin,  Oct,  IHb,  ISM,  Vol.  XLO,  p.  SSI. 
t  Tbe  vords  in  parentheMt  are  by  tbe  writer. 
I  Minvta  of  Proctftinot,  Inst.  C.  E..  T<d.  CZLIX,|i,  flOe. 
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jagate  Pressures  in  Fiae  Sand  and  Their  Variation  with  the  Presence 
of  Water,"  make  hie  work  of  little  valne  exoept  for  oomparison.  He 
proves  that  the  tangent  ot  the  internal  angle  of  friction,  at  preesiuee 
ap  to  100  tons,  varies  with  the  amonnt  of  moisture  present.  Also,  bj 
another  series,  that,  even  at  depths  of  a  few  inches,  the  moisture 
present  has  oonsiiderable  effect  npon  the  coefBcientof  friction  between 
sand  and  metal,  Bond  and  glass,  and  sand  and  wood.  The  results  of 
his  experiments,  replotted  for  comparison  with  others,  are  shown  in 
Figs,  6  and  7.  He  finds  that,  with  differing  amonnts  of  moistnre,  the 
lateral  pressure  at  great  depths  (approiimatiog  1  000  ft,),  varies  from 
one-fifth  to  one-third  of  the  vertical  pressure,  being — 

"Greatest  when  the  sand  is  drj,or  when  it  is  saturated  with  water; 
that  it  diminishes  to  a  minimum  between  these  limits  and  then  increases 
agoia;  and  that  the  value  of  this  decrement  for  any  puticolor 
prercentage  dimLnishes  as  the  pressure  increases." 

y.THKHTMTf.mTH     WITH     UODEL. 

One  series  of  observations  made  by  the  writer  was  upon  a  model 
which  coold  contain  a  mass  of  earth  S  ft.  x  3  ft.  and  6  ft,  deep.  [3ee 
Fig.  8.)  Stiff  comer  posts  were 
bolted  together  to  make  a  frame, 
from  which  a  box  could  be  made 
bj  the  insertion  of  removable 
side-boards  3  ft.  long  and  1  ft. 
wide.  On  one  side  of  the  model 
the  boards  were  fitted  with 
especial  care,  and  paper  was 
placed  over  all  edges  so  that  the 
particles  of  earth  oonld  not  enter 
the  joints  and  affect  the  results. 
About  3  ins.  above  the  center  line 
of  the  lowest  board  upon  this 
side,  a  rod,  secured  to  the  vertical 
posts,  was  placed  so  that  two  bent 
levers  with  fulcmms  on  the  rod 
would  each  bear  with  a  short  arm 
against  the  center  ot  the  board 
near  its  two  ends,  and  so  that  a 
long  arm  would  extend  horizon- 
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tallj  froEQ  the  model.  A  scale-pan  waa  arranged  to  be  hnng  on 
each  horizontal  ami,  and  weights  of  known  v&lneB  were  cast  for 
*  the  pans.  Thus,  bj  moTUig  the  pane  along  the  horizontal  arms, 
Tarjing  presenres  of  known  amonnts  oonld  be  obtained  against  the 
board,  and,  oonseqaeiitlf,  the  lateral  preasore  of  the  earth  inBide  the 
model  ooald  be  equilibrated.  In  conducting  an  experiment,  common, 
slightly  moist,  bank  sand  was  first  thrown  into  the  model  to  the  de- 
fdred  depth.  Long,  tapering,  metal  wedges  were  then  inserted  between 
the  frame  and  the  lowest  movable  side-board,  and  weights  were  api- 
plied  to  the  scale-pane  grsdnall;  and  the  Utter  moved  along  the  lever 
arms  until  the  wedges  dropped  by  their  own  weight.  The  uniformity 
of  the  results  depended  upon  the  nicety  and  exact  equality  with  which 
the  wedges  were  inserted,  and  this  depended  entirely  upon  the  skill  of 
the  observer.  After  a  little  practice,  enongh  skill  was  acquired  so  that 
the  results  of  the  obeervationB  made  on  separate  days  did  not  differ 
more  than  could  be  attributed  to  other  sources  of  variation,  such  as 
the  manner  of  depositing  the  sand  in  the  model,  its  varying  hamidity, 
«tc.  Furthermore,  two  consaontive  series 
of  observations  by  any  individual  observer  tun.  nvHo 
did  not  vary  more  than  10%,  including  all 
sources  of  error. 

Fig.  9  gives  the  averages  of  all  results 
obtained  with  the  apparatus  shown  in  Fig. 
8.  In  this  experiment  the  lateral  pressure 
is  approximately  one-fifteenth  of  the  verti- 
cal pressure  plus  15  lbs.,  thus  being  lees 
than  one-fifth  of  the  vertical  pressure,  ex- 
cept near  the  surface,  and  diminishing  with 
increased  vertical  pressures.  The  oarvatnre 
of  the  upper  portion  of  the  figure  shows  the 
same  departure  from  uniform  variation  found 
by  Steel  (see  especially  Figs.  8  and  6).  The 
15-lb.  constant  would  immediately  suggest 
a  uniform  friction  increment  or  aroh-action 
increment,  and,  doubtless,  there  were  sucb 
increments,  beoanse  of  the  small  aize  and 
of  the  manner  of  construction  of  the  model.  The  small  ratio  of  lateral 
to  vertical  pressure  also  indicates  such  conditions,  and  the  results, 
therefore,  are  believed  to  be  of  little  valae. 


!^^'  ^^^ 

„i^ 

J   V 

.    ^A 

S  \- 

»    J   t 

^A 

-      i   ^ 

J   t 

^A 

^^ 

^   t 

±\ 

r 

Fia.a 


b,GoogIc 


Zii  UTBBAL  BABTH  PBBB8UBBB.  [F^en. 

Exf  EBUENTB  WITH  BbTAIHIHO  VftUL. 

Another  experiment  wm  tried,  in  conoectioii  vitb  the  filling  behind 
A  line  of  eheet-piling  driven  to  form  the  faoe  of  a  retaining  wall.  A 
eection  of  the  piling  was  selected  which  was  fairly  straight  and  had 
been  evenl;  driven.  A  box,  6  z  i  x  16  ft.,  inside  meaanrement  (see 
Fig.  10),  was  constmoted  with- 
oat  a  top  and  with  the  sheatb- 
pilJDg  as  one  of  the  Urge  sides. 
This  brought  the  other  large 
side  of  the  box  broadside  to  the 
fill  This  side  consisted  of  3  x 
10-in.  yellow  pine  plauk,  16  ft. 
long,  and  was,  therefore,  of  stioh 
material  and  dimensions  as  to 
permit  of  appreciable  deflection 
bj  the  lateral  pressure  of  the 
fill.  As  the  box  was  well  braced 
aroand  the  ends,  and  the  top  was 
left  open,  a  measuring  instru- 
ment coald  be  dropped  down 
iuitide  of  the  box  to  ascertain 
the  distance  between  the  sheet- 
piling  and  the  deflected  side  at  '  * 
varionB  depths.  This  device  oonsisted  of  a  long,  square  rod  which 
was  marked  off  in  1-ft.  lengths,'  At  the  lower  end  of  the  rod,  and 
at  right  angles  to  it,  was  fastened  a  1  x  it-in.  strip  slightly  longer 
than  the  smallest  inside  dimension  of  the  box.  The  end  of  the  tod 
was  at  the  center  of  the  strip.  This  was  duplicated  exactly  by  a 
second  piece,  arranged  so  as  to  slide  on  the  rod,  which  second  piece 
always  remained  at  the  top  of  the  box.  Bj  this  arrangement,  the  top 
piece  woold  always  show  the  exact  angular  position  of  the  bottom 
one,  in  whatever  position  the  rod  was  twisted.  By  lowering  the  rod 
by  degrees  into  the  box  in  a  fixed  vertical  line,  and  twisting  it  at  each 
depth  so  that  the  bottom  piece  was  "brought  np"  with  its  two  ends 
against  the  two  inner  sides  of  the  box,  the  slide  at  the  top  would  give 
the  exact  angle  of  the  bottom  piece.  Moreover,  if  one  corresponding 
end  of  the  sUde  was  brought  in  contact  with  one  side  of  the  box,  at 
tbe  top,  the  distance  from  the  other  end  of  the  slide  to  the  other  side 
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of  the  box  Toald  equal  the  differeooe  in  the  breadth  of  the  box  be- 
tween that  at  the  top  and  that  at  the  point  of  observation.  Thin  dif- 
ference was  the  meaenremeut  songht,  being  the  defleotion  caneed  bj 
the  earth  pressure  at  the  point  observed-  Beadingavere  taken  inthia 
manner,  (a)  before  any  earth  was  in  contact  with  the  box,  (b)  as  soon 
as  it  had  been  brought  half  nay  np  the  box,  (c)  as  soon  as  the  fill  was 
completed,  and  {d]  after  varjing  intervals  of  time.  The  deflection 
curves  are  ahown  at  the  left  of  Figs.  11  to  16. 

The  filling  oonsisted  of  earth  excavated  during  freezing  weather, 
and  the  fill  was  made  by  dumping  on  the  edge  of  an  embanlcment. 
Thas,  the  material  immediately  against  the  box  at  the  time  of  the  first 
two  obaervations  was  principally  frozen  lamps.  The  third  observation 
was  taken  after  a  thaw  of  several  days,  and  the  remaining  ones  after 
the  frost  bad  entirely  left  the  groond. 

It  was  desirable  to  obtain  some  analysis  of  the  deflection  corvee,  in 
order  to  see  whether  they  would  show  in  any  way  how  the  pressore 
obtained  its  full  effect  in  deflecting  the  timber,  and  whether  different 
conditions  of  the  filling  material  caused  any  variation  in  pressure.  The 
actual  observations,  therefore,  were  plotted  for  each  series  (shown  by 
the  dashed  lipes  at  the  left  of  Figs.  11  to  16),  and  approximate  deflec- 
tion curves  (shown  in  full  lines)  drawn 
through  them.  A  curve  in  which  each 
ordinate  of  one  curve  is  proportional  to 
the  difference  between  two  cotreapondiug 
consecutive  ordinates  of  another  is  the 
curve  which  is  the  first  differential  of  the 
latter  curve.  In  Fig.  17,  let  a  6  c  be  the 
given  curve,  in  which  y,  and  yj  are  any 
two  consecutive  ordinates,  all  of  which  are  spaced  uniformly. 
By  construction,  make  y'  =  m  (y^  —  yi). 

Then  3/_»!?l^_»!&=il'  =  (..li„i.)4iL 

constant  {Xj — a;,)       '  'ax 

Hence,  having  drawn  the  deflection  curve,  the  moment  curve  can  be 

drawn  by  laying  off  equally  spaced  ordinatw  along  the  deflection 

curve  and  constructing  a  second  curve  in  which  eimilarlj  spaced 

ordinates  ore  proportional  to  the  difference  between  the  oonseciitive 

ordinates  of  the  flrst  curve.     Similarly,  a  shear  curve  con  be  drawn 

from  the  moment  curve,  since  the  shear  is  the  flrst  differential  of  the 
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moneBt  at  amy  point.  The  same  mle 
apptiea  to  conBtmotiiig  the  load  otittb 
Irom  the  sheu  onrve,  bat,  for  t,  Bome- 
what  diillBreDt  reason.  In  Fig.  18,  let 
a  ft  e  be  the  shear  enrre,  in  whioh  y„  y, 
ate  any  two  oonseontiTe  ordinatea,  all  of 
whioh  are  spaced  eqnallj.  By  otmstrao- 
tion,  make  j^  =  m  (yi — y^. 

Then  y*"-  n  (yr— yj)  -i-  (constant)  =s  n  (y,— yj  -^  (space  paaaed  over) 
=  « (yi— yJ  -r  («i— «i). 

Therefore,  y*  (an  —  *»)-r-  =  Ji  —  ?»■  But,  y"  («!  —  «i)  =  area 
between  the  onrre  and  the  axis,  which  tepreaenta  the  load  passed 
over.  Conaeqnently,  the  first  oorre  is  »  ebear  onrre  for  the  second 
cniwe  as  a  Idad  onrre;  rad.  conversely. 

Moment,  shear,  and  load-line  curves  were  constmcted  in  thia  way 
from  the  approximate  deflection  cnrvee  observed,  and  the  load  cnrvea 
thns  obtained  afforded  in  some  crude  manner  the  information  songht. 

That  the  load  is  over  only  the  lower  half  of  the  box,  is  shewn  by 
Fig.  11,  and  its  practically  uniform  variation  is  revealed.  Fig.  12 
shows  that  immediately  after  tbe  fill  was  completed  the  piessnTe  ex- 
tended throaghont  the  fall  height  of  the  box,  and  tends  to  show  its 
approximately  nniform  variation.  Forthermore,  it  has  the  slight 
curve  near  the  sorfaoe  found  by  Steel  (»ee  Fig.  6),  and  by  the  writer 
in  his  first-desoribed  experiment  (see  Fig.  9).  The  thaw  which  oc- 
curred between  tbe  second  and  third  observations  appears  to  bave 
looBened  the  surface  materials  and  to  have  brought  into  play  au  in- 
creased preBsnre  at  the  lower  levels  (see  Fig.  18).  A  week  later  the 
point  of  greatest  pressure  seems  to  have  worked  downward  (Fig.  14), 
and,  after  another  interval,  appears  to  have  dropped  lower  still  (Fig. 
15).  In  each  of  these  three  observations  the  local  pressure  was  sof- 
fioieDt  to  relieve  the  plank  from  all  strains,  except  in  close  proximity 
to  the  maximum  point.  After  a  final  interval  of  three  months,  V>e 
load  curve  seems  to  have  resumed  its  normal  shape  (Fig.  16),  i.  e., 
Practically  uniformly  varying.  (Compare  Figs.  12  and  16.)  Of  conne, 
tbeae  deductions  oould  be  only  qualitative  in  nature,  but  they  do  not 
^ipear  abnormal,  and  are  interesting  in  that  they  disclose  in  some 
iiiMatirc  the  phenomena  which  take  place  during  the  gradual  settle- 
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ment  into  plftce  of  a  mass  of  earth  against  a  retaining  wall,  which 
deflects  aa  the  load  increasee. 

In  order  to  ascerlaiu  to  some  extent  the  amount  of  the  preBsnie  ex- 
erted bj  the  earth  in  the  observed  caees,  a3xl0>in,  plank  wassnpported 
at  points  10  ft.  apart  and  loaded  with  brick  arranged  so  as  to  form  a 
triangular  pile  with  the  apex  over  one  support.  The  loading  wbb  con- 
tinned,  as  showD  in  Plate  XIV,  until, the  observed  deflection  equalled 
that  formed  in  the  earth-pressure  observations.  The  weight  of  the 
brick  tbas  piled  was  2  580  Iba.,  which  would  be  equivalent  to  a  little 
more  than  8  COO  lbs.  per  foot  of  vidth  of  the  earth.  On  the  assump- 
tion of  uniformly  varyiug  distribution,  this  gives  a  pressure  of  600 
lbs.  per  square  foot  at  a  depth  of  10  ft.  For  varionv  leaEons,  this 
seems  to  be  excessive,  and  it  is  improbable  that  the  actual  pressure 
was  more  than  5U0  lbs.  The  material  which  made  up  the  fill  was  prin- 
cipal!; fine  beach  sand  which  weighed  about  100  lbs.  per  cnbic  foot 
in  its  final  compact  condition.  This  would  show  a  lateral  pressure 
approximately  one-half  of  tbe  vertical  at  the  depths  testt^d.  This  in 
large  when  compared  with  the  observations  thus  far  described,  but, 
perhaps,  may  be  aecounted  for  partly  by  the  action  of  the  tide  water, 
which  was  separated  from  the  earth  only  by  the  G-in.  sheet-piliug 
which  formed  one  side  of  the  experimental  box. 

In  a  similar  manner,  an  attempt  was  made  to  ascertain  the  lateral 
pressure  exerted  by  rip-rap  under  water.  In  this  case,  tbe  pile  of 
stone  was  7  ft.  deep  and  came  only  to  a  point  7  ft.  from  the  top  of  the 
box.  A  deflection  of  i  in.  was  observed,  and  the  weight  of  the  brick 
necessary  to  produce  an  equal  deflection  under  a  uniformly  varying 
load  covering  an  equivalent  portion  of  a  3  1 10-in.  plank,  14  ft.  long, 
was  452  lbs.  This  would  mean  a  lateral  preaanre  of  about  150  Ibu.  at 
a  depth  of  7  ft.  As  the  rip-rap  (which  was  practically  cobble  stone] 
weighed  about  140  lbs.  per  cubic  foot  in  air,  this  would  indicate  a 
lateral  pressure  of  slightly  mere  than  one-seventh  of  the  weight  in 
air,  or,  taking  sea  water  at  (>4  lbs.  per  cubic  foot,  of  nearly  S0%  nnder 
water.  It  is  to  be  noted,  on  tbo  other  baud,  as  a  fact  within  the 
writer's  experience,  that  triangular  piles  of  rip-rap  about  14  ft.  high 
readily  withstand  the  thrust  of  a  mass  of  earth  24  ' 
ft.  in  height  above  the  same  base  (Fig.  19). 
the  assumption  that  the  earth  weighed  100  lbs. 
per  cubic  foot  and  gave  a  lateral  thrust  of  o 
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half  th«  load  at  anj  point,  the  total  lateral  pressare  vrould  be  28  800  lbs. 
Oa  the  further  asBiimption  that  all  this  tfamst  was  equilibrated  bj  the 
rip-rap  in  saoh  a  manner  that  ite  lateral  throat  varied  oniformlj 
^nhich  is  a  forced  asBumption),  the  maximam  valne  of  this  thrust 
noald  be  51i  lbs.  per  square  foot,  found  at  a  depth  of  14  ft.  Much 
rip-rap  do^e  not  weigh  more  than  1  ton  per  cubic  yard,  or  about  83 
lbs.  per  cubic  foot.  Under  water  this  would  have  an  effective  weight 
of  oDly  about  20  lbs.  A  pile  14  ft.  high  would  esert  a.  vertical  press- 
ure of  280  lbs.  at  its  base.  This  amount  readily  withstands  a  lateral 
thrust  of  514  lbs.  Thnu,  while  the  least  ratio,  according  to  Moseley'a 
principle,  was  1  to  7  for  the  rip-rap  tested,  the  greatest  ratio  may  be 
almost  2  to  1. 

ESPEBIHBMTS   WITH   TbSTIHO    MaCBIKB. 

T)esci-ipKon  of  Apparatus. — This  actual  value  of  the  ratio  of  the 
lateral  pressure  to  the  vertical  pressure  is  the  important  item  in  all 
questions  involving  earth  pressnte,  and  almost  all  queries  concerning 
this  subject  can  be  answered  satisfactorily  when  this  ratio  is  known. 

Several  devices  were  constructed  by  the  writer  to  measure  this 
ratio  directly,  but,  with  one  exception,  without  success. 

It  ifi  an  easy  matter  to  provide  and  measure  a  vertical  pressure  upon 
a  mass  of  earth,  but,  in  order  to  measnte  the  corresponding  lateral 
pressure,  some  measuring  instrument  must  he  devised  which  will 
register  the  pressure  and  at  the  same  time  allow  of  no  deformation 
under  this  pressure,  for,  the  instant  such  a  movement  occurs,  the  in- 
ternal conditions  are  altered  and  the  results  are  rendered  untrust- 
worthy. An  arohing  of  the  material  will  take  place  across  any 
relatively  small  opening  formed  in  the  side  walls  of  a  containing  ves- 
sel, so  that  the  results  usually  obtained,  when  experiments  are  made 
with  such  an  apparatus,  do  not  show  the  true  lateral  resistance 
offered  before  the  opening  was  made.  It  is  well  known  that  the  press- 
ures found  against  the  valves  of  coal  pockets  and  grain  elevators  are 
but  a  small  fraction  of  those  found  against  the  entire  sides  of  the 
pockets  and  bins. 

An  apparatus.  Fig,  20,  was  finally  devised  which,  it  was  believed, 
would  provide  against  these  difficulties.  A  cast-iron  cylinder  was 
bored  out  to  a  diameter  of  6  ins.  and  a  depth  of  5  ins.  Ithad  a  strong 
base  and  walls,  and  a  plunger  was  fitted  to  it,  which  was  arranged  so 
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that  it  oovld  be  aaonied  to  the  head  of  an  ordinu;  'teeting  niaahiiie. 
A  l-in.  hole  wm  bored  la  one  side  of  the  ojlindei  near  the  bottom,  and 
a  ping  vaa  oaref  oUj  fitted  to  the  hole.  The  ootside  of  the  oylinder 
was  faoed  where  the  hole  was  bored,  and  the  ping  was  made  with  a 
oironl^  head,  the  nnderside  of  which  was  oarefnilj  tnmed  to  Mt 
aooorately  npon  the  planed  portion  of  the  ontside  of  the  ojlinder. 
The  plug  was  jost  long  enongh  to  reach  thzongh  the  wall  of  the  cjlia- 
der  and  be  flash  with  its  inner  faoe.  The  faced  portion  of  the  ontaide 
of  the  ojlinder  wae  slotted  borizontall;  opposite  the  center  of  the 
l-in.  hole,  and  hard-rubber  insnlationwae  oarefnlly  fitted  in  the  slota. 
Upon  these  hard-rabber  pieces,  thin  strips  of  copper  were  secured  and 
oonstrooted  so  that  thej  could  be  connected  to  the  temuDalB  of  an 
electric  battery.     In  the  circuit  with  the  battery  was  also  placed  an 


ordinary  bnzzer.  When  the  ping  was  fitted  to  the  hole  and  poilied 
home,  the  underside  of  its  head  touched  the  copper  strips  on  each 
side  and  thereby  completed  an  eleotrio  circuit,  the  sounding  of  the 
bnzzra  giving  evidence  of  the  fact.  If  the  ping  was  pushed  slightly 
outward  the  circuit  was  broken  and  the  buzzer  stopped.  Experiment 
showed  that  a  movement  of  but  -mW  in.  was  snlDcient  to  break  tbe 
circuit,  and  that  the  tone  givm  out  by  the  buzzer  was  00  sensitive 
that  movements  approximating  -r^y  in.  could  be  detected  evalj- 
With  movements  of  the  lateral  weighing  mechanism  no  greater  thu 
these,  it  is  believed  that  no  internal  changes  can  take  place  whii^ 
affect  internal  streBees  sufficiently  to  vitiate  the  results  obtained. 

The  cylinder  was  cast  with  two  lugs  npon  the  outside,  jnsl  abore 
the  plug  hole,  and  in  such  a  position  that  holes  bored  throngb  Ui* 
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logs  held  ft  bolt 'which  serred  h  a  faloram  (or  *  beat  I«r«r.  On* 
tha  nnu  of  the  lerer  wna  horixonUl  «id  wm  marked  >oiiiewhftt  lik 
vtoeljard.  The  other  wm  bore  ftgunat  the  head  of  the  plug.  Weiff 
of  Tuioas  sisee  were  unnged  bo  as  to  be  hniig  on  the  horixostnl  a 
and  be  mored  along  it  aa  might  be  deaiied.  The  veight  of  the  le 
WA9  Beatralised  bj  meana  of  a  spring  attached  to  the  free  end  of  < 
hocixtmt*!  arm  and  adjtut«d  so  that  it  relieved  the  head  of  the  pi 
Irom  all  initial  preMnre. 

Method  tf  EKperimmtaHtm. — In  oondnoting  an  experiment,  ' 
cylinder  waa  filled,  irith  the  material  to  be  teated,  to  a  point  sligb 
abore  the  inner  end  of  the  plug,  and  platwd  upon  the  bed  of  a  teat: 
maohise.  The  plunger  vas  tben  adjaated  nnder  the  head  of 
maohine  and  brooght  down  gradnallj  npon  the  material  in  the  07I 
der.  About  the  time  that  oontaot  between  the  dieo  and  the  matei 
was  expected,  the  boEBer  waa  pnt  in  operation  and  gave  forth  a  01 
-tinnons  sound,  nntU  the  lateral  pressnre  against  the  inner  end  of  < 
plag  was  floIBoient  to  pneb  it  ont  elightlj  and  break  the  circnit.  1 
inoieaaing  application  of  the  vertical  preeaore  waa  then  stopped  1 
the  location  and  valne  of  the  weights  upon  the  horizontal  Ic 
aim  were  noted.  The  lateral  pressure  against  the  hea>d  of  the  pi 
was  then  oarefull;  increased,  bj  changes  in  the  location  and  amoui 
of  weights  on  the  horizontal  arm,  nctil  this  ezteinal  lateral  presei 
was  jast  sotHoient  to  press  the  plug  back  to  its  original  position  a 
ttios  restore  the  electric  circuit  and  start  the  buBzer.  The  testi 
machine  was  tben  again  started,  and  the  vertical  pressure  increased  ut 
the  internal  lateral  preaanre  was  safBdent  to  move  the  plug  outwi 
and  stop  the  buzzer,  thus  completing  a  C7cle  of  operations.  T 
seriea  was  repeated  until  an^  desired  limit  of  vertical  pressure  1 
^D  reached.  Uaually,  after  such  an  increasing  series  had  bt 
executed,  the  reverse  operation  was  followed  through,  as  the  mach: 
*M  being  brought  back  to  a  zero  reading.  This  showed  the  di0 
cQoe  in  the  action  of  the  material,  in  regard  to  its  lateral  thrust,  d 
ing  increase  and  decreaae  of  vertical  load. 

It  was  onlj  after  considerable  experiment  that  the  above-desoril 
method  of  procednre  was  decided  upon.  The  lower  curve  of  Fig. 
abowA  a  tjpical  series  of  results  obtained  b;  it.  For  comparis< 
^h»e  are  also  shows  in  the  upper  carve  the  results  secured  when  i 
load  on  the  testing  machine  was  reduced  each  time,  ao  as  to  start  I 
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bnzz«F  again  after  each  new  isorement  of  pressate  boS  beep  brought 
to  bear  on  tbe  head  of  the  plug,  and  the  Tertical  presenre  had  been 
worked  up ,  to  the  point  of  stopping  the  buzzer.  Aeteriska  ehow 
where  a  new  weight  was  placed  on  the  horizontal  lever  arm,  and  are  the 
points  atwhiohbreaksin  the  curve  would  be  expected  to  occur,  iftbej 
are  to  occur  at  all.  la  all  that  follows,  the  ouires  giren  and  described 
are  those  formed  b^  using  the  first  of  the  above-deBcribed  methods, 
and  onlj  the  increasing  series  of  readings  are  treated,  unless  eipreesl^r 
stated  to  the  oontrat;.  ' 

DiaeuMiott  <f  Resultg. — While  man;  qneBtione  ariae,  concerning 
the  reliability  of  the  results  obtained  and  their  proper  interpreta- 
tion, Bevetal  points  seem  to  be  brongbt  out  fairly  well  bj  the  obeer- 
vations. 

The  effect  of  repeated  applications  of  pressure  without  loosening 
up  the  earth  between  such  repetitions  is  shown  in  Fig.  22.  It  is  to  be 
observed  that  in  dr;  materials  the  curves  usually  remain  practically 
straight  lines,  differing  only  in  slope  and  always  starting  from  zero. 
In  moist  earths  tbe  first  application  of  pressure,  also,  usually  gave  a 
straight  line,  but  a  peculiar  permanent  set  sometimes  seemed  to  be 
enoountered  in  succeeding  applications  of  presenre  during  their  ear- 
lier  portions.  This  is  revealed  clearly  by  the  curve  which  forms  the 
upper  part  of  the  line  of  pressure,  in  tbe  80-50  sand  observation.  It 
starts  from  zero,  but  attains  the  direction  of  its  later  movement  only 
by  a  reversed  curve.  This  starting  curve  shows  that,  in  some  in- 
stances, after  the  first  application  of  vertical  pressure,  lateral  press- 
ures may  exist  which  are  larger  than  the  corresponding  vertical  ones. 
(See  Fig.  23,  which  shows  the  second  application  of  pressure  on  30-50 
sand  at  31^  of  saturation.)  This  only  serves  to  confirm  the  observa- 
tions made  by  Darwin  with  his  model,  that  previous  treatment,  and, 
in  his  case,  the  direction  of  even  slight  stratification,  affects  mate- 
rially the  amount  of  the  lateral  pressure.  This  peculiar  action  of 
moist  earth  is  of  interest  to  designers  of  quay  walls,  dock  walls,  dork 
bnlkhoade,  dry-dock  walls,  etc.,  who  have  to  deal  with  cases  where 
excessive  toads  must  be  borne  occasionally.  In  general,  however, 
when  tbe  earth  is  not  touched  between  successive  applications  of 
pressure,  the  change  of  slope  of  tbe  lines  is  such  that  the  actual 
lateral  pressure,  np  to  a  certain  limit,  is  slightly  less  with  each 
I  application.      This  is  in  conformity  with  tbe  observed 
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hot  that  frenhlj  made  flUa  bahind  Tetaining  walls  eeero  to  exert 
greater  lateral  preunre  than  tbej  exert  after  an  interval  of  time. 
Of  ooone,  this  effect  of  diminished  preasnre  ma;  also  be  caused  hj  a 
gradnal  drjing  out  of  the  fill,  and  soaetimes  b;  other  canses,  bnt  it  is 
probable  that  repeated  applications  of  heavy  loads,  also,  have  some 
^feet.  The  teata  of  dry  materii^  whioh  differed  only  in  the  size  of 
the  partioles,  seem  to  reveal  a  aingalac  inoreaae  and  then  a  deoreaae 
of  the  ratio  of  lateral  to  vertical  preaaare.  The  maximnm  ratio  ia 
fonnd  with  80-60  sand;  that  is,  with  sand  conaisting  of  particles  which 
paaa  throngh  a  sieve  having  80  meebea  per  linear  inoh,  or  900  per  sqnaie 
inoh,  and  ate  held  on  one  having  60  meahes  per  linear  inoh,  or  2  600  pw 
square  inch.     (Bee  Fig.  24,) 

The  erratic  nature  of  the  onrvea  for  )-in.  and  ^-in.  gravel  (Figa.  3S 
and  30),  show  primarily  that  the  size  of  the  individual  grains  was  too 
laige  for  theipeoial  mechanism  used  to  te«t  tltem.'  If,  however,'thft 
first  three  obeervations  for  |'Ui.  gravel  and  the  general  trend  of  the 
results  for  \-m.  gravel  are  used  for  comparative  pnrpoeeB,  a  meet 
intereeting  oomponnd  curve  is  developed.  (See  Fig.  27,  where  obeer- 
vatioui  on  rip-rap,  made  by  the  writer,  are  aleo  included  for  wider 
oomparison.)  With  very  coarse  particles,  snoh  as  rip-rap  and  coal, 
the  ratio  is  small,  bnt  increases  as  the  materials  grow  smaller,  throngh 
)-in.  and  ^-in.  gravel,  to  the  coarsest  sand.  When  the  partiolea  range 
in  size  from  those  which  will  just  pass  a  sieve  with  20  meahes  to  the 
inch  to  those  whioh  will  jsst  be  held  by  a  sieve  with  60  meahes  to 
tbe  iuoh,  the  ratio  reaches  a  maximnm.  As  the  partioles  diniiniah  in 
size  still  fnrther.  whether  they  are  nniform  or  vary  so  that  the  mass 
contains  large  and  small  grains,  with  an  appreciable  percentage  of  the 
latter,  the  ratio  diminishes.  In  F^  27  are  plotted  the  ratios  observed 
at  6  000  lbs,  per  aqnare  foot  vertical  pressnre,  for  all  the  sizes  of 
grains  tested.  The  curve  thne  formed  seems  to  start  from  zero  and 
iocreaae  rapidly _to  a  maximnm,  then  diminiah  and,  finally,  with  a 
change  in  corvature,  go  out  to  infinity  along  one  axis  as  an  asymptote. 
This  makes  a  carve  astonishingly  like  the  litnns  shown  in  the  same 
fignre,  but  no  relation  is  apparent  between  the  equation  of  the  litnns 
and  the  conditions  involved  in  this  problem.  A  little  consideration, 
however,  shows  that  this  curve  does  represent  about  what  is  to  be 
expected.  In  masses  formed  of  very  large  pieces  there  is  usually  little 
lateral  pressnre,  and  when  the  number  of  particles  per  inch  ap- 
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ptoachoB  zero,  that  ia,  when  the  piec«s  oombine  in  a  single  block  of 
stone,  the  lateral  pteBsnre,  of  conrHe,  is  zero.  It  is  evident,  at  tbe 
other  extreme,  that,  as  the  size  of  the  grannies  grows  smaller  aotit 
the;  become  microscopic,  constantly  increasing  cobeeive  molecular 
forces  wQl  come  into  plav,  so  that,  with  particles  of  molecniar  dimeii- 
sions,  the  mass  has  become  again  one  solid  block  throngh  cohesion, 
and  can  exert  no  lateral  pressnre  of  the  variety  studied  herein. 

Concerning  the  effect  of  moistnre  npon  the  ratio  of  lateral  to  ver- 
tical pressnre,  an  even  more  surprising  phenomenon  is  observed. 
See  Figs.  28,  29,  and  30.  For  each  class  of  material,  four  curves  or 
parts  of  curves  are  there  shown,  which  represent  the  lateral  pressures 
observed  at  different  percentages  of  saturation,  under  vertical  press- 
ures of  2  500,  6  000,  7  500  and  10  006  lbs.  per  square  foot.  BegitmiDg 
with  the  lowest  one  and  counting  upward,  the  curves  ore  ior  these 
pressures,  respectively. '  In  these  diagrams  the  actual  observatioDR 
mode  are  shown  by  the  small  circles.  The  full-line  curves  show  the 
probable  course  of  the  phenomena  between  the  actual  observatiooB, 
while  the  dashed  lines  show  the  possible  remaining  portions  of  tbete 
curves,  as  the  writ«r  believes  they  would  be.  While  not  absolntelj 
proven,  the  resnlts  seem  to  indicate  that,  in  all  the  cases  tested,  a 
curve  similarto  the  one  for  50-100  quicksand  is  to  be  expected,  and  that 
the  latter  may  \ip  considered  as  a  typical  one.  In  this  carve  are  to  be 
found  two  minima  and  one  maximum.  Starting  with  a  given  ratio 
tor  dry  sand,  the  ratio  decreases  at  first  with  increasing  satuntion, 
then  increases  sometimes  bejoud  the  starting  value,  only  to  decrease 
again  nearly  aa  low  as  in  the  first  minimum,  and  finally  to  increase  np 
to  a  final  medium  value.  This  is  not  quite  in  accord  with  the  cnrve 
given  by  Wilson,  but  his  observations  covered  only  two  percentages  of 
saturation  aside  from  the  dry  and  practically  saturated,  so  that  it  is 
still  possible  that  a  curve  of  the  form  found  by  the  writer  may  be 
drawn  through  the  values  found  by  him.  This  is  shown  in  the  dia- 
gram at  the  right  of  Fig.  SQ. 

These  carves  for  varying  percentages  of  moisture  may  be  repre- 
sented by  equations  of  the  form, 

in  which  the  coefficients  may  be  determined  tor  any  given  set  oi 
obsarvations,  but  snoh  determinations  are  tedious  and  the  resulting 
quantities  indicate  nothing  as  to  the  questions  natttrally  arising.    Tbe 
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eqnation  which  will  give  procticallj  the  onrve  for  60-100  qnickBand 
nnder  a  presaare  of  10  000  lbs.  per  square  foot  (aee  the  upper  left-hand 
cnrvein  Fig.  29),  is 

y  =  0.O0OOJO66  x*  —  0.016764  «'  +  1.4056  n?  +  16.28  x  +  42, 
in  terms  of  handrods  of  pounds  vertical  preaanre,  meaanred  along  the 
axis  of  y,  and  percentages  of  saturation,  along  the  axis  of  x. 

Why  the  equation  should  be  of  this  form  is  not  obvious,  but  a  pos- 
sible explauation  of  the  shape  of  this  typical  ourve  maj  be  made.  It 
is  well  known  that  with  slight  additions  of  moisture  the  cohesion 
betweeu  the  particles  of  earth  is  increased  greatlj,  and  hence  the  ratio 
of  vertical  to  lateral  prMsure  would  probablj  decrease  down  to  some 
limit.     (See  Fig.  31.) 

It  is  well  known,  however,  that,  long 
before  the  moistuie  would  fill  all  the 
voids,  some  change  takes  place  .to  reduce 
the  cohesion  and  hence  increase  the  ratio 
ot  vertical  to  lateral  pressure.  (See  Fig. 
32.)  At  the  other  extreme,  it  is  well 
known  that  considerable  water  makes  an 
ei^eellent  lubricant  between  polished  sur- 
faces of  atone,  and  that  the  friction  in- 
creaaea-with  decrease  of  water.  As  the 
friction  would  increase,  the  cohesion 
would  increase  and  the  ratio  of  the  verti- 
cal to  the  lateral  pressure  would  decrease. 
(See  Fig.  33.)  Experience,  however, 
teaches  that  when  the  amount  of  moisture 
is  very  small,  the  friction  is  also  small 
and,  similarly,   the  ratio  of  vertical    to  ^"''  ^' 

lateral  pressure  would  be  relatively  larger.  (See  Fig.  34.)  The  cnrvea 
produced  by  these  two  causes  might  coincide,  for  aught  one  can  aee, 
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but  the  erperimente  B«em  to  shoir  tlikt 
tbe;  do  not,  bat  form  the  double  oarre 
actnAUj  obwrred.  (See  Figs.  86  ud  36.) 
Znspeetion  of  the  rarioua  Mtnzfttlon 
«nrrea,  further,  shows  that  the  effeot 
of  the  moisture  is  more  mkrked  Tmder 
hearj  vertical  preesuree  than  nnder 
leeser  ones. 

The  lai^e  ratioe  fonnd  for  30-30  and  30-50  sand  are  enprising,  and 
wonld  be  open  to  more  donbt,  bat  for  the  aingnlar  regnlaritj  of  Um 
onrve  of  Fig.  37.  Perhaps,  however,  this  is  onl^  an  accident.  Omi- 
parison  of  the  onrres  for  GO-lOO  bank  sand  and  60-100  qniekaaad 
reveals  great  similaritj,  and  snggesta  that  it  is  the  fine  particles  obIj 
of  qnicksand  which  give  it  its  peonliai  qualities.  The  cnrves  for 
100-np  qtuoksand  do  not  show  a  well-marked  second  mimmnm,  bnt 
do  show  a  fairl;  constant  increase  of  lateral  pressure,  np  to  satni*^ 
tion.  At  this  saturation  point,  the  lateral  pressore  is  larger  than  for 
materials  of  any  other  size,  except  the  snrprifling  30-60  sand  and 
the  claj.  Experience  wonld  lead  one  to  expect  a  relativelj  hi^ 
lateral  pressure  for  the  latter  material,  eepeciallj  when  satnratad. 
Bat,  in  the  qnioksand,  even  with  the  relativelj  high  lateral  pressures 
at  satnration,  the^  do  not  approach  nearer  than  abont  60^  of  the 
vertical  ones  when  the  water  of  satnration  is  confined  with  the  sand, 
as  oconrred  in  the  model  daring  the  test,  and  these  lateral  pressnies 
are  mnoh  less  when  the  water  is  drained  awajr  to  some  extent,  that  ia, 
when  the  sand  is  not  satnrated.  Therefore,  it  wonld  seem  that  those 
designers  who  are  asing  a  ratio  of  one  (a  "  hjrdroatalie  "  ratio)  in  de- 
signing retaining  walls  where  qnioksand  is  encountered  are  osiog 
fixoessive  aaaamptions.  Apparently,  at  least  in  part,  thA  pecit^ 
natare  of  qnioksand  inheres  in  its  extreme  flnenees.  More  than  80^ 
of  the  sample  from  the  Brooklyn  Nav;  Yard  tested  fay  the  writer 
paused  «  standard  No.  100  sieve.  This  property  makes  it  praotioallj 
impossible  to  confine  it.  It  will  Sow,  when  saturated,  wberei-er  wstw 
does.  Forthermore,  it  is  doubtful  it  the  large  pressores  sometimea 
attributed  to  quicksand  are  really  more  than  those  actually  prodnoed 
by  the  water  saturating  the  sand.  The  problem  of  the  designer, 
dealing  with  quicksand,  ia  only,  then,  to  impound  completely  the 
water  which  the  nand  contains,  and  in  oooomplisbing  this  he  need 
deal  with  no  pressntea  except  the  hydrostatic  ones. 
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The  high  lateral  presaaree  found  in  abeolutelj  drj  eand  Jb&de  op 
of  coarse  grains  are  o(  no  importance  to  designers,  as  sucli  materials 
are  never  eooountered  in  practical  experience,  and  no  materials  are 
found  in  a  loose,  dry  state.  Whenever  earth  dries  out  completely, 
tiie  particles  are  cemented  together  into  a  fairly  rigid  mass  by  the 
«vaporatioQ  of  the  moistare  which  the  earth  contained  and  the 
deposition  of  the  solids  which  were  held  in  solntion  in  if.  It  then 
■eierts  little  lateral  presBure,  or  none  at  all. 

With  the  usual  factors  of  safety  for  engineering  strnctores,  it  is 
not  secessary  to  allow  for  the  maximum  lateral  preseutes  observed  for 
any  kind  of  material,  bnt  a  selected  average  value  can  be  need  with- 
out dangeroas  error.  Such  an  average,  when  selected  carefully,  will 
give  results  within  the  range  of  variation  due  to  other  causes.  Table 
No.  1  shone  such  values,  collated  from  all  the  foregoing  data,  and 
also  shows  the  percentage  which  the  maximum  and  the  minimum 
probable  values  will  differ  from  this  average. 

The  observations  of  the  writer  upon  his  3-ft.  model  with  bank  sand 
are  omitted  purposcdy,  aa  the  results,  evidently,  were  influenced  by 
the  small  size  of  the  model.  It  is  doubtful  whether  models  less  than 
6  or  10  ft.  in  least  dimension  will  ever  afford  tmstworthy  results, 
except  with  perfectly  dry  materials. 

The  ratio  found  for  rip-rap  by  the  writer  agrees  fairly  well  with  the 
ratio  deduced  from  Baker's  paper  for  materials  of  somewhat  similar 
character.  The  values  for  gravel  and  cinders  also  have  fair  uaiformity. 
The  unexplained  decrease  of  the  ratio  with  increased  fineness  of 
material  is  again  noticeable  in  Table  No.  1,  aa  well  as  the  facts  that, 
with  coarse  materials,  the  ratio  is  practically  constant,  whatever  the 
pressure,  and  that  when  the  material  is  fine  in  texture  it  increases  with 
the  pressure.  Perhaps  the  latter  fact  can  be  explained  partly  by  the 
increased  compressibility  of  the  finer  materials,  and,  consequently,  the 
increased  internal  friction  vhich  would  be  expected  when  the  particles 
were  close  tc^ether. 

The  low  ratios  of  0.10  and  0.07,  for  bank  sand,  found  by  the  writer, 
with  the  cylinder  and  the  model,  do  not  accord  well  with  those  of  0.26, 
O.I^and  0.50  found  by  Steel  for  earth  and  Wilson  for  sand,  and  by  the 
writer  for  bank  sand  in  the  retaining- wall  experiments.  The  values  of 
0.07,  0.10,  0.15,  0.26,  0.33  and  0.50,  made  up  of  those  mentioned,  to- 
other with  one  of  Baker's  for  earth,  show  conclusively,  however,  that 
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&  general  average  catmot  be  determiBed  which  will  not  be  eabject  to  a 
poBsible  50^  er^or,  and  that  for  a  cloee  deaign  ooe  moat  examiiie  oare- 
lallj  the  kind  of- material,  and  aacertaiu,  as  well,  ita  degree  of  aatnra- 
tion  aod  its  previons  treatment.  After  the  determiDation  of  theae 
pointe,  reference  woald  beat  be  made  to  the  curves  of  Figs.  28, 29,  aad 
30.  Baker's  maximnm  ratio  for  ola;  is  praotioallj  the  same  oa  the 
writer's  miDimum,  and,  becanae  of  the  character  of  the  obserYatioaB, 
the  agreement  can  be  aaid  to  be  good. 

For  almost  all  purposes,  the  ratios  in  the  colnmn  headed  2  600  lbs. 
will  be  the  ones  to  be  used,  because,  with  earths  of  common  density, 
each  a  pressure  would  be  found  at  depths  of  about  26  ft. 

From  the  data  in  Table  No.  1,  it  is  evident  that  a  ratio  of  40  :  100  ia 
ample  for  all  but  exceptioDal  leases,  aod  that,  where  conditiona  can  be 
regulated,  a  ratio  of  still  smaller  size  can  be  used.  The  actual  relation 
which  the  nse  of  this  ratio  bears  to  common  practice  is  shown  olearlj 
by  Fig.  37. 

I.et  a  wall  h  feet  high  and  b  feet  . 
thick,  weighing  160  Iba.  per  cubic  foot,  I 
be  made  to  support  a  uniformly  vary- 
ing earth  pressure  wherein  the  lateral  ^ 
thrust  is  four-tenths  of  the  vertical.  , 
Let  this  be  due  simply  to  the  weight  of  I  j, 
the   earth,  which  is   taken  at  100  lbs.      t 
per  cubic  foot.     The  usual  rule  is  fol- 
lowed, of  applying  the  resultant   lat-  Fio.sr 
eral  thrust  at  one-third  the  height  of  the  wall  from  its  base,  and  of 
allowing  the  reaultant  of  the  pressures  to  cut  the  base  at  the  edge  of 
ita  "middle  third."    . 

^  100  A 


Then,  lateral  pressure  = 
Total  weight  of  wall         = 


10 

150  bk. 


X  A  =  20  h^; 


0  A' :  150  6  A 

20  ^,      150   ^-^ 

4  A'  =  15  6*, 


b:-: 


\  16 


0.464  h  =—  ,  approximately. 
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Tnatvine*  givee  0.5  u  the  ralatiTe  thickneM  for  wkUb  of  "  weli- 
seftbUed  ixy  nibble,"  with  ratios  of  0.1  and  0.86  of  the  height  for 
breadth  of  valle  of  "  good  oommon  scabbled  mortar-rabble,  or  briok" 
and  of  "cat-atone,  or  of  firat-olaaB  liffge  ranged  rabble,  in  mortar," 
respectively.  These  ratios  tend  to  show  that  oommon  practice  either 
does  not  limit  thereaoltant  to  the  "  middle  third,"  or  assames  a  ratio 
of  lateral  to  vertical  pressore  lees  than  0.^ 

The  lateral  preBBores  obtained  b;  Bteel,  and  Beveral  of  the  writer's 
reealts,  Bhowadepartore  from  nnitorm  variation  of  wbichafewanthor- 
ities  try  to  take  aocoant.  Where  the  corvee  are  straight  lines  starting 
from  zero,  the  resaltant  would  be  applied,  theoretically,  at  a  point 
one-third  of  the  height  of  the  plane  of  pressnie  above  its  bottom. 
Where  the  onrvea  are  concave  upward,  as  in  the  second  and  third  ap- 
licationa  of  load  to  the  )-in.  gravel,  and  the  flret  observatiDns  on  20-30 
sand  (see  Fig.  22),  the  r«BaIiant  would  be  found  below  the  one-third 
point.  This  condition  is  rarely  met,  and  may  be  neglected.  In  many 
oases,  however,  the  curve  is  convex  upward,  and  the  reenltant  would 
actually  be  located  above  the  one-third  point.  This  is  on  the  danger 
side,  if  the  common  rule  is  followed,  of  basing  oompntations  on  the 
aSBumption  of  its  being  applied  at  the  one-third  point.  While  the 
reliability  of  the  ourvea  here  shown  is  rather  small,  in  many  oases,  still 
an  investigation  of  them  along  this  line  will  prove  of  interest.  In  the 
following-named  curves,  the  location  of  the  resultant  is  as  indicated: 

Fnotion  of  belKht 

■iMive  bottomM 

whlcb   rem" 

Figure.  1*  applied. 

8 0.40 


9 0.38 

12 0.« 

16 0.39 

This  would  tend  to  show  that  a  much  safer  practice  would  be  to 
assume  that  the  resultant  is  applied  at  a  point  fonr-tesths  of  the 
height  from  the  bottom,  in  place  of  one-third,  as  is  usually  done  at 
present.  The  difieieuce  between  these  two  aseninptionB  involves  the 
stability  of  etmotnres  to  the  ext«nt  of  20  per  cent. 

■  EDgluear'B  Pooket-Book,  15th  ed.,  p.  OOB. 
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Interkaii  FiutmoK  Aj^olb. 


According  to  Bankine*,  the  ratio  of  the 
nies  is  expressed  hy  the  ratio 


rertieal  and  lateral  prese- 


1  +  sin.  <{/' 
in  which  4>ia  the  limiting  angle  of  internal  friction  at  anj  point.     If 
the  ratio  is  known,  the  angle  can  be  compnted  from  the  foimnla 
1  — r 
•"■■'=  iT-r- 
HaTing  fonnd  tbe  sine  of  the  angle,  its  tangent  can  be  fonnd  easily  in 
anv  table  of  natural  fonctione. 

Table  No.  1  shows  that  the  ratio  Taries  with  the  presenre,  in  many 
cases,  and,  conseqnentl;,  the  limiting  angle  of  friction  mtiat  vary  ac- 
cordingly. Similarlj,  this  limiting' angle  of  internal  friction  is  certain 
to  differ  in  most  cases  from  that  of  the  aogle  of  the  natural  slope  of 
the  free  surface  of  the  material. 

This  angle  of  elope  was  determined  carefnll;  for  bankiand  of  vary- 
ing percentages  of  saturation,  by  dropping  it  carefully  from  a  given 
height  (of  a  few  inches)  so  that  it  would  form  a  cone,  and  then  meas- 
uring the  altitude  and  average  diameter  of  the  base  of  this  cone,  and 
computing  tbe  tangent  of  the  angle  of  surface  slope.  Tbe  results 
thns  obtained  are  shown  in  the  cnrre  at  the  left  of  Fig.  38.  For  pur- 
poses of  comparison,  the  tangent  of  the  limiting  angles  of  internal 
friction,  in  the  case 
of  60-100  quicksand, 
were  compnted  from 
the  formula,  and  in 
the  manner  described 
obofe,  and  are  shown 
in  the  other  curves  of 
Fig.  3S.  It  is  some. 
what  surprising  to 
find  the  same  type  of 

nmm  and  two  minima  Fib.  as 

in  the  case  of  the  surface  angle,  but  its-nature  is  evident  and  also  its 
general  similarity  to  tbe  curves  of  the  computed  tangents. 
*  Civil  EDglDMrlug,  1>tb  ed.,  p.  S19. 
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The  actual  aurf  ace  slope  of  tlie  bank  eand  tested,  in  connectioii  with 
the  retaining  wall,  was  also  found  on  the  occasion  of  a  slip  vhich  oc- 
curred. The  slope  under  water  was  1  to  2,  and  above  water  level  1 
to  1.  The  surface  slopes  of  the  samples  of  cinders,  gravel,  etc.,  ex- 
perimented with  were  also  determined,  and  are  given  later. 

A  series  of  experiments  was  also  carried  out  to  determine  the  actual 
tangent  of  the  limiting  angle  of  internal  friction  for  various  earths. 
That  it  varies  with  the  pressure,  is  shown  readily  by  constructing 
two  boxes  without  tops  and  of  the  same  dimensions  except  the  depths,, 
which  muat  differ.  Fill  both  with  sand  and  pnt  one  above  the  other 
with  the  open  tope  together,  then  tilt  the  under  one  nntil  the  upper 
one  just  slides,  and  then  repeat  the  operation  with  the  boxes  reversed. 
A  marked  difference  in  the  angle  of  sliding  will  be  observed  with 
damp  aaud,  even  with  boxes  but  2  and  3  ins.  deep. 

Qnantitative  experiments  of  this  character  were  carried  out  bj 
building  two  boxes,  1  ft.  in  each  internal  dimension,  but  without 
tops  and  only  one  with  a  bottom.  (See 
Fig.  39.)  The  latter  box  was  fastened  to 
the  edge  of  a  high  platform  and  had  a  pnl- 
lev  attached  to  it,  and  arranged  so  that  a 
line  would  lead  from  the  other  box  when 
placed  on  top  of  the  first,  over  the  pulley 
to  a  scale-pan  upon  which  known  weights 
could  be  placed.  The  two  boxes  were  placed 
in  position,  and  the  weight  which  would 
just  move  the  upper  one  over  the  fixed  one 
when  empty  was  ascertained.  The  coeffi- 
cient of  friction  of  the  pulley  was  also 
determined  for  different  loads,  and  the 
results  were  need  to  correct  the  later  observationB. 

Id  conducting  an  experiment,  the  two  boxes  were  flDed  with  the 
earth  to  be  tested  and  enough  weights  added  to  the  acale-pan  to  start 
the  upper  box  to  sliding.  It  was  then  cheeked  and  jacked  back  into 
position  and  a  loose  top  placed  on  the  upper  surface  of  the  earth  and 
known  weights  piled  on  this  top.  Weights  were  then  added  to  the 
scale-pan  until  sliding  again  just  took  place.  This  operation  was  re- 
peated with  increasing  weights  on  the  earth,  nntil,  for  varions  practi- 
cal reaaoua,  it  became  impossible  to  carry  the  operation  futher. 
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Fig.  iO  gives  the  actual  reenlts  obtuoed,  and,  for  compariBon  with 
previous  reenlts.  Fig.  41  shows  the  results  of  the  obeervations  reduced 
BO  as  to  give  the  lateral  pressures  for  Tarions  loads.  The  writer's 
observations  with  the  3-ft.  model  are  inserted,  for  further  oompari- 
BOD.  Figs.  42,  43,  44  show  the  relation  between  the  lateral  pressures 
computed  from  the  friction  experimeuts  and  those  observed  directly 
with  the  ovliniler.  Thej  show  oonclusivel;  that  Bankine'a  theory  of 
conjugate  pressures  is  correct  when  the  proper  angle  of  friction  is 
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The  relation  between  the  augle  of  surface  slope  and  the  angle  of 
iuteraal  friction  in  one  instance  is  shown  in  Fig.  45.  The  dashes 
show  the  possible  connecting  curves  between  those  of  the  internal 
friction  angles  and  the  points  locating  the  tangents  of  angles  of  sur- 
face slope.  It  would  appear  from  this  figure,  and  from  the  cuives  of 
Figs.  42,  43,  and  44,  that  some  relation  exists  between  the  angles  of 
surface  slope  and  of  internal  friction.  This  relation  is  shown  in  Fig. 
46,  where  the  drj-sand  curve  of  Fig.  46,  slightly  altered,  is  repro- 
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daoed.  (Onrve  A.)  Both  onireB  of  Fig.  45  are  also  drawn  to  one-teutb 
the  horizontal  scale  there  shovn,  with  farther  observatioDB  inserted, 
(Onrres  B  and  O.)  It  is  also  again  drawn  to  one  one-hundredth  of  that 
scale  horizontally,  with  still  farther  obBerrationa  inserted.     (Cnrve 
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D.)  For  all  praotioal  purposes,  the  oarve  may  be  coneidered  as  a 
nearl;  straight  line  composed  of  the  right-hand  main  portion  of  tbe 
onrve,  and  the  dotted  cnrre  oonneoting  the  starting  point  with  thia 
muD  portion.     The  sharp  drop  to  the  minimam  is  of  no  oonsequenMi 
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BB  it  ooooTB  in  the  first  foot  or  two  of  depth.  In  this  special  case,  for 
depths  down  to  abont  6  ft. ,  the  tangent  of  the  angle  of  internal  fric- 
tion ma;  be  considered  as  that  of  the  angle  of  snrface  slope.     Below 

■iOLEB  OP  SURFACE  BUJPB 
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6  ft. ,  however,  the  angle  of  internal  friction  falls  off,  at  first  rapidly, 
then  more  and  more  slowly.  The  determination  of  an  analytical 
cnrve  of  similar  shape  can  be  of  no  practical  value,  as  will  be  shown 
directly. 
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TABLE  No.  2 — AnsiiBb  or  Intbbnai.  Fbiction  add  of  Bubpace  Slops 

FOB  IXiFFEBBST  MaXBBIAUI. 
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tlOD. 
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J  Coal,  ihlDgle.  ballast,  elc. 
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Kg:: 

Joodrtbh.'." 
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i.4n 

1.488 
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0,750 

if 
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O.TO 

Rmnkine. 

IB 
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BaDUiie. 
Uoodrvh. 
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rmutwine. 

■  ■  ' 
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0!T5tt)0.3S 

a..... 

IS^' 

||lS.»'.".v.v.v,:::::: 

Ooodrlcb. 

^Isf^.:.::;.::::-.:::-.; 

Table  No.  2  gives  varioas  ratios  of  lateral  to  vertical  presenre,  the 
materials  with  which  the  experiments  were  made,  and  the  compnted 
tangent  of  the  limiting  angle  of  internal  friction.  The  tangents  ot 
angles  of  ustial  surface  slope  are  also  included,  but  the  relation  be- 
tween theae  two  angles  is  shown  more  olearlj  in  Fig.  47. 

'aUEJ9  OF  SURFACE  SLOPC 
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With  the  ezoeptioa  of  rip-rap  and  olaj  (the  particlee  of  the  one 
being  perhaps  too  lu^e  and  of  the  other  too  amall),  »11  the  anrfaoe 
elopes  tend  toward  snch  as  have  tangents  between  0.60  and  1.00,  irre- 
spectiTfi  of  the  angles  of  intenkal  friction.  This  wonld  tend  to  provo 
that  practicall;  the  same  laws  of  roUing  friction  esiat  (or  materials  of 
difTerent-aized  partioles  and  degreee  of  aaturation,  vhile  the  lavs  of 
internal  friction  depend  more  intimately  npoo,  and  vary  with,  the 
size  of  the  particles  and  the  percentage  of  their  saturation.  Con-  - 
seqnentlj,  designers  most  look  to  the  angle  of  internal  friction  and 
not  to  that  of  the  surface  slope  to  fnmish  them  with  data  for  their 
computations.  These  vary  conaiderablj,  under  different  ciroomstan- 
oea,  and  no  general  mle  can  be  laid  down. 

GoHPBBBsiBiuTi  or  Bona. 
Tests  of  the  compressibility  of  Tarione  soils  were  also  made,  but 
they  revealed  only  the  facts  :  (a)  that  the  layers  immediately  beneath 
the  compressing  disc  were  much  more  compressed  than  the  more  dis- 
tant ones;  [b)  that  a  sort  of  compressed  cone  formed  under  the  com- 
preRsing  disc;  (c)  that  an  appreciable  percentage  of  compression  took 
place  only  with  excessive  loads  which  wonld  correspond  to  great 
depths  below  the  surface;  (d)  that,  under  extreme  pressures,  garden 
earth  and  sand  showed  quite  an  elastic  reaction,  the  former  showing 
the  more,  and  (e)  that  clay,  even  when  showing  but  a  small  quantity 
of  water  present,  wonld  "crawl"  and  relieve  the  pressure  by  squeez- 
ing through  the  smallest  openings  in  long  threads  or  abeets. 

HbCAPITDIiATION  . 

More  experimental  data  of  a  practical  variety  ahoald  be  secured, 
aa  the  subject  of  pressures  in  earth  is  one  upon  which  the  whole 
scientific  design  of  the  foundations  of  engineering  structures  de- 
pends. 

It  is  believed  that  the  scientist  can  work  along  the  lines  described 
herein  with  a  more  or  less  clear  perception  of  the  following  facta  or 
conclusiona,  herein  first  deduced,  or  here  brought  out  in  confirma- 
tion of  what  experience  has  already  taught: 

1. — Repeated  applications  of  pressure  to  earths  in  general  develop 
diminishing  lateral  reactions. 
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2.— In  moist  earths  the  first  large  application  of  preeBnreia  likely 
to  produce  a  permanent  set  wbicb  exerts  excesBive  lateral  thraets  it 
low  repetitions  of  pressure. 

3. — The  lateral  thmst  in  dry  materials  which  differ  only  in  Bize  of 
particle  varies  as  the  ordiuates  to  a  litnns. 

4. — The  lateral  thniat,  in  materials  which  difTet  only  in  the  per- 
centage of  sataratioD,  varies  as  the  ordinates  to  a  onrve  of  the  fourth 
degree,  possessing  two  minima  and  one  mazimom  between  0  and 
lOOX  oi  saturation. 

6. — Some  explanation  of  the  lituus  curve  may  be  obtained  from  the 
relation  of  moleonlar  forces  to  the  size  of  the  granules. 

6,— Some  explanation  of  the  curve  of  the  fourth  degree  mtybe 
obtained  from  the  phenomena  of  adhesion  between  water  and  particles 
of  earirh,  together  with  capillary  action,  and  of  the  friction  between 
two  faces  of  rook  with  water  as  a  lubricator. 

7.— The  effect  of  moisture  is  more  marked  at  heavy  vertical  pte«- 
nres  than  at  lesser  ones. 

8. — The  peculiar  nature  of  quicksand  inheres,  in  part  at  least,  in 
the  size  of  its  particles,  and  the  curves  of  the  fine  portion  do  not  pt"- 
sesB  the  maximum  to  be  found  with  particles  of  larger  sizee. 

9. — Clay,  which  poBsesses  still  smaller  particles,  has  a  higher  kW 
tive  lateral  thmst,  but,  because  of  its  nature,  does  not  "flov,"  but 
"crawls." 

10. — Earth-pressure  experiments,  to  be  of  practical  value,  must  be 
on  models  of  large  size,  because  of  the  efi'ect  of  arching  action. 

11.— The  effect  of  increase  of  pressure  is  more  apparent  in  matemli 
of  small  particles.  Perhaps  this  is  because  of  increased  internil 
friction.  The  greater  compressibility  of  fine  materials  reeults  in  i 
relatively  large  decrease  in  the  distance  between  particles  and  tbneJD 
increased  friction. 

12.— In  many  oases  the  resultant  of  the  pressures  on  a  plane  shoald 
be  applied  at  a  point  above  the  lower  one-third  point. 

13. — Bankine'a  theory  of  .conjugate  pressures  is  correct,  when  the 
proper  angle  of  friction  is  found,  and  probably  adaptationa  of  bii 
formulas  will  be  of  most  practical  value. 

11. — The  ooefScient  of  rolling  friction  of  puiicles  of  different  aiEtf 
is  practically  constant,  irrespective  of  size  and  of  amount  of  moisture 
present. 
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15.— The  limiting  angle  of  internal  friction  depends  npon  the  eize 
of  the  partiolen  and  the  degree  of  satnration  of  the  materiaL 

16. — In  the  loading  of  earth,  a  cone  of  compreBsed  material  forms 
nnderthe  compressing  body. 

17.— Earths,  under  certain  conditions,  reveal  elasticity. 

For  the  practical  engineer  and  the  designer  of  stmctnres,  the  fol- 
loving  points  are  deemed  pertinent: 

18.— The  lateral  thrast  of  newly  made  fills  against  retaining  walls 
decreases  with  time  and  repeated  applications  of  the  load. 

19. — With  some  moist  earths,  a  heavy  load  will  induce  in  the  ma- 
terial a  possibility  of  the  development  of  excessive  lateral  thrnate  under 
repetitions  of  even  relatively  small  loads. 

20— Neither  saturated  nor  loose  dry  materials  are  apt  to  eiert  tha 
greatest  lateral  thrast,  and,  with  slight  saluration  and  rather  moist 
Douditions,  the  lateral  thmst  is  apt  to  be  relatively  small. 

21. — When  dealing  with  qniokeand,  the  problem  is  to  confine  tha 
water  which  it  contains,  and  oocoaut  need  be  taken  of  pare  hydro- 
static pressaraa  only. 

22. — When  dealing  with  clay,  the  problem  is  to  remove  the  water 
which  it  contains  and  gnard  against  the  creeping  of  the  material  nnder 
excessive  loads. 

23. — In  many  oases  the  resnltant  of  the  lateral  pressures  on  a  plane 
shonld  be  applied  at  a  point  fourth-tenths  of  its  height  above  the 
bottom. 

24 — Angles  of  internal  friction  and  not  of  sntface  slope  must  be 
Q»ed  in  all  formoUs  which  involve  the  sliding  of  earth  over  earth. 
8nch  angles,  or  the  ratio  from  which  they  may  be  computed,  are 
given  in  the  writer's  tables  and  curves. 

Acknowledgment  is  due,  especially,  to  Ur.  W.  L.  Starges,  A.  L 
E.  E.,  for  interest  and  assistance  in  securing  data  for  the  materials 
herein  contained,  and  to  the  Brooklyn  Polytechnic  Institnte  for  the 
use  of  its  testing  machine. 
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Past  I. 

HISTORY,   DESIGN  AND  CONSTKTJCTION. 
By  Ohablbb  L.  Habrisom,  M.  Ail  Boo.  G.  E. 


The  Git;  of  Denver,  Golor&do,  with  a  population  of  about  l&O  000, 
is  anpplied  with  water  by  The  Denver  Union  Water  Gompanj,  a  cor- 
poration which  was  formed  in  1894  by  the  ooneolidationof  theGitieena 
Water  Company  and  the  American  Water- Works  Gompany,  both  of 
which  had  previously  been  foniishing  water  to  the  city  and  to  private 
oonanmerB. 

Ornkbai,  CoNPrnoNB. 

Denver  ia  eitnated  aboat  15  milea  from  the  eastern  foothills  of  tha 
Bocky  Honntains,  in  what  is  known  as  the  semi-arid  region  of  the 
West.    The  elevation  of  low  water  in  the  South  Flatte  River,  at 

bsfore  the  dat«  »t  for  preawtatloii  and  diwraMion. 
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FittoeDth  Street,  is  5  194  ft.  above  mean  sea  level,  and  the  higber 
poitiona  of  the  city  are  from  200  to  300  ft.  above  this. 

The  precipitation  is  macb  less  than  in  the  Middle  and  Eastern 
States,  averagiag  for  the  past  82  jears  only  18.87  ins.  Outside  of 
the  mountain  region,  this  is  principally  in  the  form  of  rain,  bnt  dnr- 
ing  the  winter  there  is  considerable  snow,  which  remains  on  the 
gronnd  bnt  a  short  time.  Table  No.  1  gives  the  monthly  and  yearly 
precipitation,  from  1872  to  1903.  The  minimnm  was  6.48  ins.,  in 
1893,  and  the  masimnm  21.43  ins.,  in  1891,  or  more  than  two  and 
one-half  times  the  minimum.  In  May,  1876,  the  precipitation  was 
8.57  ins.,  and  in  April,  1900,  it  was  8.21  ins.,  or  abont  the  same  as  for 
the  entire  year  of  1898.  In  April,  1900,  it  was  greater  than  for  the 
other  eleven  months  of  that  year. 

TABLE  No.  1. — RscoBD  or  PBBCiprrATioN  at  Dxnteb,  CoiiOkaho,  in 
Ihohes. 
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The  South  Platte  River,  which  flows  through  Denver,  has  ita 
Bonroe  m  the  Book;  UooDtains  and,  with  its  tributaries,  drains  an 
area  above  the  oit;  ot  3  910  aq.  miles.  About  2  900  sq.  miles  o^this 
area  are  in  the  moantain  region  and  1  010  sq.  milea  in  the  prairies 
below  the  foothilla.  Of  the  tributaries  ia  the  latter  area.  Bear  Creek 
and  Cherry  Creek  are  the  only  ones  which  furnish  a  water  supply  of 
any  importance. 

In  the  moTmtain  region  tributary  to  the  SonthtPlatte  Biver,  the 
precipitation  is  largely  in  the  form  of  snow,  whicbj  falls  and  accnmn- 
latea  from  November  to  April,  and  melts  during  May,  June  and^Jnly. 
The  greatest  floods  in  the  river  occur  during  these  three  months,  and 
the  mt^nitnde  of  the  floods  is  in  proportion  to  the  amonntjof  accum- 
ulated snow  in  the  monntains.  During  the  remainder  a(|the  year 
there  are  showers  and  occasional  cloud  bursts  of  great  violenoe,  but 
they  usually  cover  small  areas  and  very  seldom  produce  a  flood  in  the 
river  of  any  considerable  extent  or  duration.  Generally,  the  high- 
water  period  is  lees  than  two  months  in  length  while  the  low-water 
period  covers  the  remainder  of  the  year. 


The  only  source  of  a  sufficient  supply  of  water  tor  Denver  ib  the 
South  Platte  Biver  and  its  tributaries.  The  ranchmen  also  draw  on 
ihese  streams  for  irrigation  water.  Under  existing  climatic  condi- 
,  the  lands  will  produce  very  little  without  irrigation,  but  with  it 
^hey  become  marvelously  productive.  It  is  not  surprising,  therefore, 
hat  the  ordinary  flow  of  the  streams  is  already  over-appropriated  by 
;he  ranchmen  and  the  water  company,  so  that  any  increased  supply 
must  be  secured  by  storing  the  flood  waters. 

The  Company  secures  water  from  the  following  sources  (see  Fig.  1) : 

1. — Cherry  Creek,  at  Sullivan,  where  underground  cribs  are  bnilt 

in  the  sand  and  gravel.     The  water  reaches  them  by  infiltration  and 

flows  by  gravity  through  a  36-in.  pipeto'the  Capitol  Hill  Beservoir, 

from  which  it  is  pumped  to  one  of  the  high-service  districts  of  the 

2. — In  Denver,  at  Hississippi  Street,  near  the  Sontb  Platte  Biver, 
where  water  is  gathered  in  underground  cribs  and  flows  by  gravity  in 
a  48-in.  wooden  pipe  to  the  West  Side  Beservoir  and  is  then  pumped 
into  the  distributing  mains. 
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3. — At  MornBOQ,  the  water  ie  token  from  Bear  Creek  daring  the 
flood  and  non-irrigating  Beasona  and  conveyed  throngh  the  Harriman 
ditch  and  a  flume  to  Marston  Lake  for  etorage.  It  is  then  drawn  oat 
as  needed  for  ase.  Altered  throagh  a  mechanical  filter,  and  flowa  bj 
gravity  throngh  wooden  pipes  to  the  city  diatribating  eyetem. 

4,— At  Platte  Canon,  where  the  Soath  Platte  Elver  emerges  from 
the  monntains,  a  syBtem  of  aodergroaod  oribe  ia  coaetracted  to  col- 
lect the  underflow  of  water  in  the  gravel  and  sand  below  the  bed  of 
the  river  and  the  adjacent  valley.  The  water  thus  collected  flows  by 
gravity  through'  a  SO^jn.  wooden  pipe  into  the  Ashland  Avenne  Distri- 
buting Keservoir  and  into  the  city  pipe  system. 

5. — About  2  miles  above  Platte  Canon,  water  is  taken  from  the 
river  into  a  34-in.  wooden  pipe  whioh  leads  to  a  mechanical  filter,  2 
miles  south  of  Platte  Canon,  and,  after  being  flltered,  flows  by  gravity 
to  the  Capitol  Hill  Keservoir  and  the  city  pipe  system. 

6. — In  addition  to  the  foregoing,  there  is  now  being  constructed  at 
Platte  Canon  a  slow  aand-filter  plant  of  about  30  000  000  galls,  daily 
capacity,  with  provision  for  extending  the  flltere,  as  the  needs  of  the 
city  require,  to  100  000  000  galls,  per  day.  The  water  for  these  Alters 
ia  secured  from  the  Platte  Biver,  under  rights  owned  by  the  company, 
and  from  the  Lake  Cheesmau  Reservoir.  The  supply  from  the  latter 
source  is  drawn  from  the  reservoir  and  turned  into  the  river  below  and 
flowa  in  the  river  bed  to  Platte  Canon,  a  distance  of  about  30  miles, 
where  it  is  taken  from  the  river  into  the  settling  basins  and  then  ap- 
plied to  the  filter  beds.  After  being  flltered,  the  water  flows  by  gravity 
in  a  40-in.  wooden  pipe  to  the  city  distributing  system. 

To  convey  this  water  from  the  various  aourcea  of  supply  to  the 
city  requires  the  use  of  nearly  100  miles  of  pipe  line,  varying  from  30 
to  4S  ina.  in  diameter.  These  conditions  indicate,  in  part  at  least,  the 
great  difficulties  and  expiense  of  securing  in  this  region  a  water  supply 
for  a  large  city.  The  great  problem  is  not  the  best  way  to  distribute 
the  water  to  the  consumers,  but  how  to  obtain  it. 


li&KB  OhEESHAN    BtaBRBTOIB. 

Theflxst  flve  sources  of  supply  enumerated  have  furnished  suffi- 
cient water  up  to  the  present  time,  but  the  management  of  the  com- 
pany, having  great  faith  in  the  future  rapid  growth  of  the  city, 
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realized  early  the  importuioe  of  aeoniiiiK  the  oeceeeary  water  Bupplj 
for  this  incTeaBed  population.  With  this  end  in  Tiew,  Mr.  C.  P.  Allen, 
the  Chief  Engineer  of  the  Company,  inspected  the  Sonth  Platte  Biver 
and  ite  tribntaries,  and,  finally,  decided  npon  the  location  now  known 
aa  Lake  Cheesman  ae  the  one  fnmishiug  the  best  site  for  a  dam  and 
large  reserroir  with  a  water  sapply  to  fill  it.  The  location  of  tbb  site 
is  in  the  Sonth  Platte  Forest  Beserve,  in  Jefferson  and  Dooglas  Conn- 
ties,  Colorado,  and  abont  48  miles  sonthwest  from  Denver  (Fig.  1). 
A  subsidiary  company,  The  Sonth  Platte  Canal  and  Reservoir  Com- 
pany, was  formed  for  building  the  reservoir,  and,  for  this  purpose, 
secured  the  right  of  way  from  the  Qovemment.  The  first  map  was 
filed  on  October  8th,  1894,  and  approved  by  the  Secretary  of  the  In- 
terior on  August  19th,  1895.  The  Company  owns  about  8  600  acres 
of  land,  including  and  surrounding  the  reservoir,  whioh  ownership 
insures  the  protection  of  this  water  supply  for  all  time. 

The  oatohment  basin,  which  has  an  area  of  about  1  796  sq.  mites, 
is  in  the  Bocky  Mountains,  on  the  Sonth  Fork  of  the  South  Platte 
Biver,  and  is  more  than  7  000  ft.  above  sea  level.  Its  location  is 
shown  in  Fig.  1,  a  water-shed  map  compiled  from  the  maps  of  the 
United  States  Geological  Survey.  In  order  to  make  the  outlines  of 
the  various  water-sheds  more  easily  followed  by  the  eye,  the  map  is 
drawn  with  the  sources  of  the  streams  at  the  top,  whioh  brings  the 
north  at  the  bottom  instead  of  at  the  top  of  the  map,  as  is  tbe  usual 
custom.  The  surface  of  the  ground  is  lai^ely  of  rock  and  sand  with 
very  little  vegetation;  and  the  location  in  a  forest  reserve,  where  set- 
tlements which  might  pollute  the  waters  are  exelnded,  makes  the 
basin  an  ideal  water-shed  for  gathering  potable  water.  The  first  hab- 
itation on  the  river  above  the  reservoir  is  at  Lake  George,  a  distance 
of  25  miles,  and  the  population  within  the  entire  area  is  less  than  1.5 
persons  per  square  mile.  All  the  streams  tributary  to  the  reservoir 
are  precipitous  and  have  rocky  beds. 

The  entire  area  which  will  be  flooded  by  the  reservoir  is  of  granite 
or  granitic  sand,  there  being  no  black  soil  or  humus  upon  it.  An 
inspection  of  the  contour  map  (Fig.  2]  shows  that  the  sides  of  the  res- 
ervoir are  very  steep,  thus  preventing  shallow  shore  water  in  which 
vegetation  might  grow.  The  reservoir  also  has  great  depth  and  a 
comparatively  small  surface  area  exposed  to  evaporation,  a  consider- 
able advantage  in  that  climate.     The  source  of  supply  is  the  melting 
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on  Maj  3d  the  flood  overtopped  the  rook  fill  and  vashed  it  avay 
«oiaplelelj,  leaving  only  the  masonry  and  steel  facing.  A  view  of 
the  cafion  taken  a  lew  daje  after  this  accident  is  shown  in  Fig.  2, 
Plate  XV. 

Thb  Masonby  Dam. 

On  Jnne  lat,  1900,  the  writer  was  appointed  Chief  Engineer  of  the 
Sonth  Platte  Canal  and  Reservoir  Company  and  the  Denver  Union 
Vater  Company,  with  instrnctions  to  design  and  build  a  dam  at  thia 
location,  with  the  advice  and  assistance  of  L.  E.  Cooley,  U.  Am.  Soc. 
C  E. ,  who  hod  been  oonsnlting  engineer  to  the  company  daring  the 
previons  year. 

The  important  conditions  whieh'eiisted  at  that  time  were : 

1.— The  tnnnels  at  Elevations  10,  60and  llOhad  been  driven.  The 
balance  valve  at  the  entrance  of  the  lower  tnnnel,  and  the  twin  valve 
in  the  middle  of  it,  had  been  permanently  set.  The  two  42-in,  single 
valves  for  the  npper  tnnnels  had  been  purchased. 

2. — The  Portland  eement  masonry,  together  with  the  steel  plates, 
had  been  bnilt,  np  to  Elevation  28,  and  remained  in  perfect  condition 
after  the  flood. 

3. — The  Government  had  given  five  years  in  which  to  bnild  the 
dam,  and  it  was  the  desire  of  the  management  of  the  company  to 
utilize  as  much  aa  possible  of  the  work  which  had  already  been  done 
and  to  be  as  tar  advanced  as  possible  with  the  new  work  at  the  ex- 
piration of  the  time  limit,  so  as  to  be  in  a  favorable  position  to  ask 
for  an  extension  of  time  in  which  to  complete  the  work.  In  no  case 
was  the  lake  to  be  entirely  nnwatered. 

The  type  of  dam  finally  determined  upon  was,  in  plan  and  section, 
substantially  that  shown  in  Fig.  1,  Plate  XVII  and  Fig.  6,  and  was 
to  be  bnilt  to  Elevation  210,  with  the  spillway  at  Elevation  200.  It 
was  desired  as  a  gravity  section,  but  the  configuration  of  the  gorge 
«as  snob  that  the  natural  form  of  dam  to  fit  the  site  would  be  ourved 
in  plan.  As  the  fall  cross-section  of  a  gravity  dam  coald  be  retained 
and  the  atoh  form  used,  with  no  additional  masonry,  it  was  decided 
to  curve  the  np-stream  face  to  a  radios  of  400  ft.  It  ia  built  of  gron- 
itCmasonry  laid  in  Portland  cement  mortar.  The  contract  for  its  oon- 
Btruotiou  was  let  in  August,  1900,  and  the  work  was  begun  in  Sep- 
tember.   After  the  dam  had  been  built  to  an  elevation  of  about  70, 
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tbe  advisabilitj  of  ounrymg  it  to  a  greater  height  thui  Elevation  210 
was  conBidered,  with  the  yiew  of  isoreasing  the  Btorage  capaoity  of 
the  reservoir  as  mnoh  an  poesible,  oonsistent  with  safet;.  Taking 
into  consideration  the  contour  of  the  canon  below  Elevation  90,  the 
aroh  form  of  dam,  and  the  excellent  atone  available  for  its  constmc- 


PROFILE  OF 
CHEESMAN  DAM. 


tion,  it  was  thought  that  this  could  be  done,  and  the  problem  worked 
out  by  the  time  Elevation  100  was  reached  with  the  ooustraction. 
This  elevation  was  therefore  fixed  as  the  point  where  the  change  of 
seotion  should  begin.  Fig.  2,  Plate  XVIII,  is  a  view  of  the  canon 
with  the  bottom  of  the  trestle  on  the  dam  at  about  Elevation  100,* and 
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the  voDtours  in  Fig.  1,  Plate  XVII,  give  a  fair  outline  of  the  dam  at 
that  elevation.  A  profile  aoross  the  ca5on  is  shown  in  Fig.  7.  The 
qnoBtion  of  determining  the  elevation  to  -which  the  dam  oonld  be 
built  with  safety  and  the  aeetion  to  be  adopted  presented  important 
.And  difflonlt  problems.  For  the  solution  of  them,  and  for  the  con- 
sideration of  the  snfSoiency  of  the  devices  for  regulating  the  outflow 
from  the  reservoir,  an  additional  oonenlting  engineer,  Alfred  Noble, 
Past -President,  Am.  Soc.  C,  E.,  was  appointed. 

After  trying  several  sections,  that  shown  in  Fig.  5,  with  the  spUl- 
waj  fixed  at  Elevation  212,  was  finally  adopted.  It  was  designed  as  a 
gravity  section,  bat  the  arch  form  gives  it  additional  strength.  Silaa 
H.  Woodard,  Assoc.  M.  Am.  Soc.  C.  E.,  nnder  the  direction  of  the  con- 
sulting engineers,  made  an  analysis  of  the  stresses  in  the  dam  which 
is  of  eptecial  interest  on  account  of  taking  the  arch  form  into  consider- 
ation. His  discussion  of  this  subject  is  presented  by  him  as  a  part  of 
this  paper. 

In  computing  the  weight  of  the  dam,  the  specific  gravity  of  the 
m^onry  is  taken  as  2.S,  or  166.25  lbs.  per  cubic  foot,  but  actual  deter- 
minatioDB  of  the  specific  gravity  of  the  mortar  and  the  stone  (both 
being  dry)  in  the  proportions  naed  in  the  dam,  give  a  weight  of  158 
lbs.  per  cubic  foot  of  masonry.  The  part  of  the  dam  built  previous 
to  1902  was  composed  of  74^  of  stone  and  26^  of  mortar. 

In  oomputing  the  stresses  in  the  dam,  no  account  is  taken  of  the 
ice  thrust,  for  two  reasons:  (1)  Because  it  is  not  probable  that  the 
reservoir  will  ever  be  full  during  the  winter  season,  and  the  heavier 
section  of  the  dam  at  the  water  level  is  more  than  ample  to  resist  this 
thrnst;  and  (2)  because  the  point  of  rock  projecting  into  the  reservoir 
in  front  of  the  dam  will  protect  it  in  such  a  way  as  to  make  this 
thrust  small.  This  point  of  rock  is  shown  in  Fig.  2  by  the  contours, 
and  in  Fig.  2,  Plate  XVIII,  in  the  background  over  the  top  of  the 
dam.  The  high-water  line  is  about  10  ft.  vertically  below  the  timber- 
line  shown  in  Fig.  2,  Plate  XVm. 

Foundation.— Ihe  foundation  of  the  dam  is  the  solid  granite  rook 
at  the  bottom  of  the  canon  across  which  it  is  built.  The  widths  of 
this  canon  are  as  follows:  At  the  bottom,  about  30  ft.;  at  Elevation 
SO,  about  40  feet;  at  Elevation  90,  about  130  ft.,  on  the-  down-stream 
fane;  and  at  Elevation  217,  about  710  ft.  (see  Fig.  10).  The  elevation 
of  the  bed-rook  along  the  axis  of  the  stream  is  about  —  10  ft.,  bnt  one 
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pot-hole  extended  down  to  Elevation  —  16  ft.  In  fact,  the  entire  bot- 
tom was  a  BerisB  of  pot-holes  eroded  in  the  eolid  granite  and  Tarymgin 
depth  from  1  ft.  to  6  ft.  Similar  pot-holes  also  existed  in  the  walls 
of  the  oaSoD,  from  the  foundation  np  as  high  as  EleTatioa  50;  some  of 
these,  on  the  aoath  side  of  the  oanon,  can  be  seen  in  Fig.  1,  Plate  XTI. 
Orerlying  the  bed-rock  were  bonldera  and  coarse  gravel  to  a  depth 
of  aboat  8  ft.  These  were  removed  and  the  rook  was  washed  clean 
before  the  maaonrj  was  laid.  No  nnsonnd  rock  or  orevioes  were 
fonnd  below  Elevation  30,  bnt,  above  this  elevation,  some  broken  and 
nnaonnd  rook  was  found,  and  all  of  it  wae  removed  before  lajing  the 
masonry,  thus  giving  a  foandation  on  solid  granite  for  the  entire 
base  of  the  dam.  Oenerallv,  the  excavation  tor  the  fonndatios  con- 
sisted of  removing  large  boulders  and  a  few  feet  of  disintegrated 
rock,  bnt  at  the  south  end  of  the  dam  and  above  Elevation  130  there 
was  enoonntered  a  large  pooket  of  rock  so  badlj  broken  up  that  it 
was  not  suitable  for  a  good  foundation.  Smaller  pockets  of  unsound 
rook  were  encountered  on  both  the  south  and  north  sides  of  the  canon. 
The  contour  of  the  foundation  of  the  dam  as  actually  built  upon  is 
shown,  bvm  Elevation  0  to  Elevation  180,  by  the  dotted  lines  in  Fig. 
1,  Plate  XYII,  and  below  Elevation  —  5  in  Fig.  2,  Plate  XVO. 

Height  of  Dam  and  Depth  of  Water.  — Referring  to  the  section  abown 
in  Fig.  10,  the  average  elevation  of  the  base  of  the  dam  is  —  10,  and 
the  driveway  on  top  of  the  dam  -1-217,  thus  making  an  average  height 
of  227  ft.  The  extreme  low  point  of  the  foandation  is  —  15  and  the 
highest  point  of  the  top  -|-  221,  making  a  maximum  height  of  236  ft. 
The  thickness  of  the  base  at  Elevation  —  10  is  176  ft,  and  at  Eleva- 
tion 190  it  is  IS  ft.,  which  thickness  ie  carried  uniformly  to  the  top  of 
ttie  structure.  Since  the  material  overlying  the  bed-rock  on  the  up- 
stream side  of  the  dam  is  open  gravel  and  boulders,  the  water  pressuro 
against  the  dam  may  fairly  be  assumed  to  begin  at  Elevation  —  10, 
and  it  2  ft.  of  water  is  flowing  over  the  spillway  its  surface  will  be  at 
Elevation  -|-  214,  making  the  pressure  against  the  dam  that  due  to  a 
depth  of  224  ft.  This  exceeds  very  greatly  the  depth  of  water  against 
any  other  dam  yet  built.  There  is  practically  do  back  pressure  from 
water  on  the  down-stream  face  of  the  dam. 

filATBBiAiiB  Used  and  Methods  op  Conbtbuoiion. 
The  cement  used  was  Portland,  and  was  furnished  by  the  company, 
free  of  cost  to  the  contractor,  in  a  warehouse  about  4  000  ft.  north  and 
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-west  of  tb«  dam.  As  the  needs  of  the  work  demanded,  it  was  iesned 
to  the  coDtractot,  whd  tnaiported  it  to  the  work  on  scows  or  wagons, 
and  was  responsible  for  its  protection  and  safekeeping. 

It  was  porohaaed  under  tlie  following  specifications: 

CAemiooi.— It  shall  contain  neither  free  lime  nor  free  magnesia, 
and  not  more  than  2%  of  sniphate  of  lime,  and  the  magnesia  and 
oxide  of  iron  shall  not  be  excessiTe.  It  shall  not  be  over-bnmed  or 
nnder-bnmed. 

Fineness.— ^ot  more  than  7%  shall  be  retained  on  a  No.  100  sieve, 
and  not  more  than  26X  on  a  No.  200  sieve. 

Setting. — It  shall  not  take  its  initial  set  in  less  than  45  minutes  nor 
more  than  3  hours,  nor  set  hard  in  less  than  3  hours  nor  more  than  8 

Soundnett. — It  shall  show  soundness  by  both  the  cold-water  test 
and  the  hot-water  test. 

Strength.— The  neat  cement  shall  develop  a  iensile  strength  of  150 
lbs.  per  aqnare  inch  in  one  da;,  and  600  lbs.  in  7  dajs,  and  show  an 
increase  of  15%  in  the  next  21  da;s.  When  mixed  with  sand,  as 
required  for  mortar,  it  shall  develop  a  reasonable  proportion  of  the 
strength  of  neat  cement.  Both  neat  ctment  and  mortar  shall  show  a 
reasonable  increase  in  strength  with  age  beyond  28  days. 

The  cement  was  tested  in  Denver  and  then  shipped  by  railroad  to 
SuCfslo,  a  distance  of  40  miles.  From  there  it  was  banled  by  teams 
over  a  monntain  toad  to  the  dam,  a  distance  of  about  23  miles.  In 
addition  to  the  tests  made  at  Denver,  frequent  tests  for  tensile 
strength  of  mortar,  taken  from  the  mortar  boxes  on  the  work,  have 
been  made,  since  1902,  by  the  resident  engineer.  Altogether,  about 
80  COO  bblB.  of  cement  will  be  required.  Of  this  amount,  6  000  bbls., 
need  in  1900,  were  of  the  Wolverine  Brand.  All  the  cement  used 
since  then  has  been  the  lola  Portland  cement,  made  at  Iota,  Kansas. 

The  sand  is  tnrnistied  by  the  contractor  and  is  secured  from  a 
gulch  about  6  000  ft.  north  and  west  of  the  dam.  It  is  run  through  a 
|-in.  screen  and  washed,  after  which  it  is  taken  to  the  dam  on  scows 
or  wagons.  As  actually  used  in  the  work,  it  contains,  as  determined 
by  several  analyses,  less  than  one-tenth  of  1%  of  volatile  and  organic 
matter,  and  has  about  31^  voids. 

The  mortar  for  laying  the  stone  on  the  np-3tream  face  and  at  the 
bottom  and  ends  of  the  dam,  adjoining  the  solid  rock,  is  mixed  in 
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prCiportlons  of  2  parts  of  saod  to  1  part  of  cement  hj  volnme,  and  95 
lbs.  of  cement  are  taken  as  1  en.  ft. ;  the  mortar  for  the  test  of  tbe 
masonry  is  mixed  in  tbe  proportion  of  2}  to  1.  The  sand  and  cement 
are  mixed  dry,  the  proper  quantity  of  vater  ie  added,  and  then  the 
mixing  is  oontinned.  A  batch  mixer,  manufactured  by  the  Iroqaois 
Iron  Worka,  o(  Bnffalo,  N.  Y.,  is  nsed  for  tbia  purpose,  and  givea 
excellent  results.  It  is  located  near  tbe  end  of  the  dam,  and  the 
mortar,  after  being  mixed,  is  dumped  into  care  which  are  moved 
along  a  track  built  on  brackets  on  the  up-stream  face  of  tbe  dam,  as 
shown  in  Fig.  3,  Plate  XVI.  From  this  track  the  mortar  is  hoisted 
to  the  work  on  the  dam  b;  the  several  derricks  used  for  setting  stone, 
thus  avoiding  any  interference  with  the  other  derricks,  and  ensuring 
tbe  delivery  of  the  mortar  at  the  point  where  it  is  to  be  used. 

Tbe  stone  used  is  a  good  gray  granite.  The  stone  for  tbe  up- 
stream face  is  obtained  from  Quarry  No.  2  (Fig.  2)  distant  about  2  000 
ft.  north  and  west  from  tbe  dam.  Tbe  stones  are  rough-pointed,  so 
as  to  be  laid  with  horizontal  beds  and  vertical  joints,  and  the  outside 
edges  are  made  to  conform  to  tbe  curvature  of  the  dam.  No  attempt 
is  made  to  drees  the  exposed  faces  of  tbe  stones.  Tbe  speolficatioiiB 
required  them  to  be  laid  with  J-in.  joints,  but  this  requirement  was 
modified,  with  the  approval  of  the  consulting  engineers,  so  as  to  per- 
mit L-in.  joints,  in  the  belief  that  tbe  thicker  bed  of  mortar  would  be 
more  nearly  water-tight.  The  specifications  also  allowed  these  stones 
to  be  laid  in  broken  courses,  but  the  contractors  preferred  to  have 
them  of  a  uniform  thickness,  and  all  the  face  stones  are  uniformly 
2  ft.  thick.  All  joints  are  raked  out  to  a  depth  of  1|  ins.  and  pointed 
with  2  to  1  mortar.  The  specifications  required  tbat  one-fourth  of 
the  face  area  should  be  headers,  from  4  to  6  ft.  long,  not  less  than  2 
ft.  wide,  and  evenly  distributed  through  the  wall.  Tbe  stretchers 
were  to  be  not  less  than  S  ft.  and  not  more  than  7  ft.  long,  with  a 
width  not  less  than  one  and  one-half  times  the  thickness.  The  stones 
for  tbe  down-stream  face  are  not  dressed,  but  are  large  and  well 
shaped,  and  of  a  thickness  approximating  2  ft.  They  are  selected  and 
laid  in  steps,  so  as  to  give  a  good  appearance  for  rough  work.  The 
rnbble  for  the  interior  of  the  dam  is  of  good-sized  stones,  well  shaped, 
and  laid  so  as  to  break  joints  and  bond  in  all  directions.  In  laying 
the  stones  a  full  bed  of  soft  mortar  is  required,  and,  in  filling  in 
between  tbe  large  stones,  it  is  required  that  the  space  shall  first  he 
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filled  with  mortar  and  the  emaller  atonee  then  worked  down  into  it. 
This  is  ooQBidered  a  very  important  feature  in  building  water-tight 
masonry,  and,  so  far,  it  has  proved  effective  in  this  case.  During  the 
past  summer  the  water  stood  in  the  reeervoir  at  about  Elevation  97, 
and  there  was  no  evidence  of  a  leak  or  even  sweating  on  the  lower 
face  of  the  dam.  The  stone  for  the  down-stream  face  and  the  interior 
of  the  dam  is  secured  from  Quarry  No.  1  (Fig.  1,  Plate  XYII),  situated 
jnet  below  the  dam.  It  is  transported  from  the  quarry  to  the  toe  of 
the  dam  on  small  cars,  from  which  it  is  hoisted  to  cars  running  on  a 
trestle  built  along  the  face  of  the  dam.  See  Fig.  2,  Plate  XVIH. 
The  building  derricks  take  the  stone  from  these  oars  aa  needed  for 
use  in  the  work.  Tbis  arrangement  for  distributing  the  stone  avoids 
any  interference  of  one  derrick  with  another. 

The  stones  for  the  interior  of  the  dam  are  set  so  as  to  hood  verti- 
cally »a  well  aa  horizontally,  and  special  care  is  taken  not  to  level  np 
the  work  at  any  point  throughout  the  thickness  of  the  wall  This,  in 
addition  to  giving  the  proper  bond,  makes  it  very  difficult  for  water 
to  enter  into  or  seep  through  the  dam.  The  photograph,  Fig.  1, 
Plate  XVJil,  taken  when  the  top  of  the  maaonry  was  at  Elevation  131, 
is  a  fair  illustration  of  how  the  stones  were  disposed,  and  also  shows 
the  shape  of  the  stones  used  in  the  work.  In  the  quarry,  large  masses 
of  stone  are  loosened  with  powder  and  are  then  reduced  by  plag-and- 
feather  to  the  proper  size  (or  building  into  the  dam, 


Deticks  fob  Beoulatino  tbe  Outflow. 

As  a  part  of  the  plan  for  building  the  rock-fill  dam,  already 
mentioned,  it  was  proposed  to  draw  the  water  from  the  reservoir  by 
tunnels  driven  through  the  granite  mountain,  as  shown  by  the 
solid  lines  in  the  plan  and  the  "  Bectiou  on  Tunnel  Line,"  Fig.  1, 
Plate  XVII. 

Before  the  writer's  connection  with  the  work,  these  tnnneb  had 
been  driven,  and  a  balance  valve,  protected  by  a  grating,  had  been  set 
permanently  at  the  intake  of  the  lower  tunnel,  as  shown  in  Fig.  1, 
Plate  XIX.  lu  addition  to  this,  a  42-in.  twin  valve  had  been  set  at 
about  tbe  middle  of  this  tunnel,  a  view  of  which  is  shown  in  Fig.  2, 
Plate  XIX.  The  balance  valve  was  designed  to  be  operated  by  a 
hydraulic  cylinder,  the  water  supply  for  which  was  to  be  curried  in 
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pipes  along  the  1>ottom  of  the  tunnel  from  ite  portal  to  the  valve,  and 
a  waste  pip«  was  provided  in  the  game  manner.  The  twin  valves 
were  to  be  operated  by  hydranlic  oylindera  supplied  with  watra  in  a 
aimilar  manner.  The  valves  in  the  60-ft  and  110-ft.  tnnnela  had  been 
provided,  but  were  not  set. 

The  fact  that  no  provision  had  been  made  to  give  access  to  the 
working  parts  of  these  valves  when  water  was  being  drawn  out  through 
the  tunnels  seemed  to  be  a  serious  objection,  and  was  met  b;  driving 
a  separate  "  Hanwa;  tunnel,"  as  shown  by  the  dotted  lines  in  Fig.  1, 
Plate  XVII,  tbas  at  all  times  giving  free  ace^es  to  the  working  parts 
of  the  valves  and  also  providing  a  safe  means  of  piping  the  water  for 
operating  them.  It  was  also  thought  advisable  to  provide  means  for 
creating  a  back  pressure  on  the  valves  in  the  60-ft.  and  110-ft.  tnnnela, 
so  OS  to  make  them  easily  operated  when  the  reservoir  was  fnll.  For 
this  purpose,  a  "  Tainter  Gate, "  to  be  operated  by  hand,  was  designed 
and  placed  jnst  below  the  junction  of  the  two  tnnnels,  as  shown  in  Fig. 
1,  Plate  XVII,  and  Fig.  6.  It  is  probable  that  this  gate  may  prove  to 
be  the  best  one  to  operate,  under  ordinary  conditions,  for  drawing 
water  ont  of  the  ri 


SPIU.WAI. 

After  the  reservoir  is  filled,  the  flood  water  will  discharge  from  it 
into  the  river  below  tbe  dam,  over  a  spillway  about  300  ft.  long,  at 
Elevation  212.  The  sonth  end  of  the  spillway  is  abont  200  ft.  north 
of  the  north  end  of  the  dam,  as  shown  in  Fig.  1,  Plate  XVII,  and 
Fig.  3,  Plate  XVI,  and  is  in  a  natural  saddle  in  the  rock  ridge.  The 
surface  of  the  rock  varies  from  about  Elevation  195  at  the  south  end 
to  Elevation  225  at  the  north  end.  Where  the  rock  is  above  Elevation 
212,  it  is  to  be  excavated  to  that  level  and  the  lower  portion  ia  to  ' 
built  up  with  rubble  masonry,  similar  to  that  in  the  main  dam.  to 
Elevation  212  and  a  top  width  of  14  ft. 

The  maximum  flood  recorded  in  the  river  occurred  in  June,  tfO, 
and  was  1  945  cu.  ft.  per  second.  Several  times  this  volume  of  water 
would  dischai^e  over  the  spillway  before  the  level  of  the  lake  would 
reach  the  top  of  the  dam.  In  addition  to  this  the  storage  capacity  of 
the  reservoir  will  act  as  an  equalizer,  and  more  than  1  000  cu.  ft.  per 
second  can  be  drawn  oflf  through  the  tunnels. 
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SECTION  THROUGH   TUNNELS 
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QrAHTlTIBS. 

The  prinaipal  qnantitiea  of  work  involved  in  the  conBtmction  of 
the  reBerroir,  dam  and  appturtenances  ue  as  follows: 

1.— Efiavatlng  2S  000  cu.  yds.  of  earth  and  rook  for  foandatione. 

2.— Driving  about  1 300  ft.  of  water  and  man  way  tunnels,  and  setting 
five  valves  in  these  tunnels,  and  gratings  at  the  intakes. 

3.— Building  103  000  cu.  yds.  of  masonry. 

4. — Clearing  about  1  000  acres  of  timber  and  bmeh  from  the  site  of 
the  reservoir. 

The  striking  features  of  the  location  for  this  reservoir  and  dam  are: 

1.  — A  rooky,  mountainous  water-shed,  prodncing  bat  little  vegeta- 
tion and  containing  a  small  population,  which  makes  it  practically  free 
from  poUntiou. 

2. — A  reservoir  site,  composed  of  granite  rock  or  granitic  sand,  of 
snob  contour  as  to  give  great  depth  and  capacity  with  a  small  surface 

3, — A  Bite  for  the  dam  which  affords  good,  solid  foundations  and  a 
narrow  caoon  for  the  lower  part  of  the  structure,  thus  making  the 
quantity  of  masonry  required  comparatively  small.  To  this  is  added 
a  good  rock  fonndation  for  a  spillway  at  a  convenient  location. 

The  writer's  connection  with  this  work  ended  on  May  24th,  1902,  at 
which  time  the  masonry  of  the  dam  was  completed  toabout  Elevation 
134,  and  the  contracts  then  let  provided  for  bnilding  it  to  Elevation 
210.  The  reservoir  site  had  been  cleared,  and  the  tunnels  were  nearly 
■completed.  No  contracts  had  been  let  for  that  part  of  the  masonry 
in  the  dam  above  Elevation  210,  nor  for  the  excavation  and  masonry 
between  the  north  end  of  the  dam  and  the  north  end  of  the  spillway. 
The  general  plan  of  this  part  of  the  work  was  as  shown  in  Fig.  1,  Plate 
XVII,  but  the  detaUB,  as  actually  bnilt,  have  been  designed  by 
Alexander  E.  Eastl,  M.  Am.  Soo.  C.  £.,  who  has  been  Chief  Engineer 
of  the  company  since  May  24th,  1902. 

On  January  Ist,  1904,  the  main  dam  was  completed  for  nearly  its 
entire  length  to  Elevation  217,  and  it  is  expected  that  the  entire  work 
will  be  completed  before  July  1st,  1904.  The  masonry  and  excavation 
have  been  done  under  contract  by  The  Oeddis  and  Seerie  Stone 
Company,  and  all  other  work  has  been  done  by  the  company  by  day's 
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In  addition  to  the  Chief  and  Coasnltiiig  Engineers  alteadj  men- 
tioned, the  foUoving  have  been  immediatelj  connected  with  the  work: 

James  E.  Maloney,  Resident  Engineer  to  April  Ist,  1902;  Frank  G. 
Hum,  H.  Am.  Soc.  G.  E. ,  Resident  Engineer  since  April  1st,  1902; 
John  A.  Banner,  AsBietant  Engineer;  M.  A.  McQraw  and  G.  C.  Hurpby, 
Inspectors.  ^ 

PaktII. 

AilAIiYSIS  OF  STRESSES  IN  LAKE  CHEESMAN  DAM. 

By  SiiiAB  H.  WooDABD,  Assoc.  M.  Ah.  Soc.  C.  E. 

Most  of  the  dams  which  have  been  boilt  daring  the  last  fifty  years 
have  been  straight  in  plan,  depending  npon  their  weight  for  stability. 

In  a  few  cases,  where  the  dams  have  closed  very  narrow  valleys, 
they  have  been  cnrved  np  stream,  and  designed  as  arches  to  transmit 
all  the  thrust  of  the  water  to  the  sides  of  the  valley.  There  is  a  third 
type,  stilt  fewer  in  nnmber,  located  in  moderately  narrow  valleys, 
which  have  been  made  the  full,  or  neatly  fall.  crosB-section  which 
would  be  required  for  a  gravity  dam,  and,  besides,  have  been  curved 
in  plan. 

What  is  practically  a  standard  method  of  analysis  of  stresses  in  a 
gravity  dam,  based  apon  the  usual  assumption  of  uniformly  varying 
stress,  has  been  developed.  This  method  is  simple,  and  may  be 
fonnd,  with  variations,  in  detail  in  the  textbooks  and  works  npon 
masonry,  and  has  been  used  in  the  design  of  practically  all  modem 

The  analysis  of  stresses  of  the  purely  arch  dams  has  been  made 
after  still  more  common  methods  in  use  for  all  masonry  arches.  Many 
objections  to  this  method  of  treatment  have  been  raised.  The  objec- 
tors have  argued  that  the  fact  that  the  horizontal  arch  is  held  rigidly 
at  the  base  of  the  dam  upsets  the  whole  assumption  that  the  dam  acts 
simply  as  an  arch.  If  the  arched  form  is  maintained  and  the  thick- 
ness is  increased,  so  that  the  strncture  has  considerable  strength  as  a 
gravity  section,  this  argument  has  even  greater  force. 

The  Lake  Cheesman  Dam  belongs  to  this  last  class,  of  combination 
gravity  and  arch  dams,  and  the  analysis  of  stresses  was  made  in  three 
ways. 

In  the  first  its  cross-section  was  examined  as  a  gravity  section  by 
the  methods  usually  applied  to  gravity  dams. 


b,  Google 


992  LA.se  CHBBBHAN  DAH  AHD  BEBBBTOIB.  [Pairan. 

In  the  second  the  stressea  were  computed  when  the  dam  ma  con< 
sidered  ae  a  simple  horizontal  arch.  This  was  done  only  inoidentall; 
and  with  no  idea  that  the  assumptions  at  all  approximated  the  actnil 
conditions,  bnt  it  shows  what  the  strength  of  the  arch  wonld  be  if  it 
could  be  developed.  The  dam  conld  not  fail  withant  developing  thit 
strength.  , 

The  third  analysis  takes  acooant  of  the  combined  action  of  the 
gTBTity  section  and  the  horizoDtal  aroh. 

There  is  nothing  novel  in  the  first  two  treatments,  and  the  only  ei- 
cnse  for  this  paper  is  fonnd  in  the  third.  The  method  here  need  is 
not  itself  novel,  bnt  it  has  not  been  nsnally  applied  to  masonry  dams. 

The  analysis  of  the  stresses  in  every  engineering  structure,  with  ■ 
very  few  exceptions,  is  based  upon  the  asenmption  that  all  partjclea 
lying  in  a  plane  before  stressing  will  lie  in  a  plane  after  stressing,  uid 
that  Btrese  is  proportional  to  strain,  or,  as  it  ia  commonly  expressed, 
the  stress  is  uniformly  varying  along  any  plane. 

This  law  of  distribntion  of  stress  has  been  tested  ae  to  its  correct- 
ness, when  applied  to  the  common  casee  of  steel,  timber  and  small 
masonry  constraction,  by  the  most  refined  laboratory  experiments, 
and  also  by  the  success  of  countless  etmotnres  for  which  it  has  formed 
the  basis  of  design.  Yet  it  must  have  its  limit  of  practical  application, 
and  great  care  should  be  exercised  in  extending  it  to  new  fields. 

It  is  an  open  question  whether  or  not  the  applioation  of  the  law  to 
a  masonry  dam,  160  ft.  thick  at  its  base,  is  an  unwarranted  asHumptioii. 
It  will  probably  remain  so  until  some  one  expends  the  time  and  money 
to  make  the  delicate  measurements  necessary  to  solve  the  problem. 

While  the  applicability  of  the  law  to  masonry  dams  is  not  as  well 
demonstrated  as  to  an  X-beam,  for  example,  there  are  very  good 
theoretical  reasons  for  believing  that,  even  if  the  law  is  not  rigidly 
correct  when  applied  to  masonry  dams,  its  error  is  on  the  safe  side. 
Besides  this,  thelaw  has  been  applied  to  the  design  of  masonry  dams  for 
half  a  century,  and,  as  far  as  known,  every  successful  dam  satisfiee  tb« 
requirements  of  stability  which  are  founded  upon  the  law,  and  all 
failures  may  be  explained  either  by  a  disregard  of  those  requirements 
or  by  other  obvious  reasons. 

Granting  the  correctness  of  the  above  law,  the  streseee  for  any 
loading  of  the  structore  may  be  computed  by  any  one  of  a  great 
variety  of  methods.  By  comparing  these  stresses  with  known  safe 
limits,  the  safety  of  the  structure  may  be  judged. 
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Id  the  following  computation  of  the  Btreeees  in  tbedam  aa  a  gravity 
aectiou,  the  prism  ot  maxoarj  included  between  two  parallel,  traoB- 
Terse,  vertical  planes,  1  ft.  apart,  is  considered  to  reaiat  the  water 
preesTire  against  its  up-stream  (ace. 

This  prism  of  mssonrj  is  considered  to  be  divided  into  la7ers  bj 
imaginary  horizontal  joints  or  planeB  10  ft.  apart,  as  indicated  in 
Fig.  5.  The  condition  of  stress  is  then  computed  at  each  one  of  these 
joints. 

Let  b  =  the  breadth  of  the  horizontal  joint; 

W  ^  the  weight  of  the  masonrj  above  the  joint,  in  terms  of 
the  weight  of  a  cnbio  foot  of  masonry  :=  the  sec- 
tional area  above  the  joint  (weight  of  1  en.  ft.  of 
masonrj  =  166.25  lbs.); 
P  =  the  horizontal  thrnst  of  the  water  pressure  acting 
above  the  joint,  in  terms  of  the  weight  of  a  cnbio 

,     .     ,  d*         62.5         d' 

foot  of  masonry  =  ^^  ^^^^  =  -g-; 

d  =  the  depth  of  the  joint  below  high  water  =  214  ^  the 

elevation  of  the  joint; 
S^  =  the  batter  of  the  up-stream  face  of  the  dam  in  the  10 

ft.  above  the  joint; 
Sf  =  the  batter  of  the  down-stream  face  of  the  dam  in  the 

loft,  above  the  joint; 
M  =^  the  moment  of  all  the  masonry  above  the  joint  about 

itsup-atream  edge; 
n  =  the  distance  from  the  np-stream  side  of  the  dam  to 

the  resultant  for  reservoir  empty  =  ^ ; 
a  =  the  angle  which  the  resultant  for  reservoir  fnll  makes 
with  the  vertical; 
p 
tan.  a  =  -^  ^  the  coefficient  ot  friction  required  to  prevent 

sliding; 
e  ^  the  distance  between  the  positions  of  the  resultants 
for  reservoir  full  and  reservoir  empty  =  -^  -^   = 
_rf' 
16  W ' 

n ^3=  the  distance  which  the  resultant  for  i 

folia  inside  the  middle  third; 
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—  —  (n  ■(-  p)  =  the  distance  which  the  resultant  for  reseiroir  full  falls 

inside  the  middle  third; 

/,  —  the  vertical  inteneit  j  of  pressure,  in  pounds  per  sqaare 

foot,  at  the  np-stream  edge  of  the  joint,  for  reeervoir 

312.5  W,.,       -    , 
empty  =  — ^, —  (26  — 8n); 

fj  =  the  vertical  iDtensitj  of  presenre,  in  ponndB  per  square 

foot,  at  the  down-stream  edge  of  the  joint,  for  reser- 

812.5  W  {3n.~b) 
voir  empty  =  ^ ; 

/',=  the  vertical  intensity  of  pressure,  in  pounds  per  square 
foot,  at  the  op-stream  edge  of  the  joint,  for  reservoir 
^^,_312.5  W{2i-a  (n  +  c))_ 

/"j  =  the  vertical  intensity  of  pressure,  in  pounds  per  square 

foot,  at  the  down-stream  edge  of  the  joint,  for  reser- 

.    ,  „      312.6  W(S(n  +  t>)  —  b) 
voir  full  = '  — — '-. 

The  results  of  the  computation  at  each  horizontal  joint  are  given 
in  Table  No.  2. 

It  is  usually  required  that  friction  alone  should  be  safficieDt  to 
prevent  sliding  along  any  horizontal  plane.  This  requires  that  the 
resultant  at  any  horizontal  joint  shall  make  an  angle  with  the  vertical 
the  tangent  of  which  is  less  than  the  coeffloieut  of  friction. 

In  the  Lake  Gheesmau  Dam  there  is  nothing  like  a  horizontal  joint, 
for  great  care  has  been  taken  to  make  vertical  bonds,  and  the  masonry 
can  be  relied  upon  to  develop  great  Ktrength  in  shear.  However,  the 
requured  coefficients  of  friction  to  prevent  sliding  have  been  worked 
out  in  the  table. 

Two  oolnmns  are  also  given  showing  the  amount  that  the  result- 
ants, for  reservoir  full  and  reservoir  empty,  fall  inside  the  middle  tliird 
of  each  horizontal  joint. 

The  positions  of  the  resnltants  are  plotted  in  Fig.  6. 

This  treatment  of  the  curved  dam  must  be  considered,  at  beat,  as 
an  approximation,  and  has  force  only  if  it  be  assumed  that  of  two 
dams  of  the  same  cross -section,  one  of  which  is  curved,  with  rigid 
abutments,  and  the  other  straight,  the  curved  one  will  be  at  least  as 
strong  as  the  other. 
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It  was  assumed  that  a  pmm  of  masonry  ont  by  parallel  planeR  re- 
sisted the  water  presenre  upon  1  ft.  length  of  dam.  In  realitj,  awedge 
of  masoDrj  out  by  radial  planes  mnet  resist  this  water  pressure.  At 
the  toe  this  wedge  would  be  onl;  six-tenths  of  its  thickness  at  the  np- 
stream  face. 

There  is  little  doubt  that  the  curved  form,  of  the  same  cross-aec- 
tion,  is  as  strong  as  the  straight,  and  the  whole  qu^tion  might  be  left 
here  with  confidence  in  the  stabilitj  of  the  dam.  But  this  is  only  an- 
other waj  of  saying  that  the  arch  must  carry  its  part  of  the  load,  and 
relying  on  it  to  do  eo  without  any  measure  of  how  much  this  part  is. 

It  was  thought  very  denirable  to  gain  a  better  idea  of  what  part  of 
the  load  is  resisted  bj  the  arch  and  what  part  by  the  gravity  section. 
To  accomplish  this,  the  following  method  of  analysis  was  used: 

It  is  evident  that  the  load  will  be  divided  between  the  arob  and  tbe 
gravity  dam  in  proportion  to  their  relative  rigidities,  and  it  is  upon 
this  that  the  analysis  is  based. 

The  gravity  section  might  have  been  treated  as  a  vertical  cantilever 
beam  projecting  upward  from  the  foundation. 

If  the  stresses  in  this  beam  had  been  computed  by  the  usual 
method  of  treating  beams,  and  these  stresses  oorriK^ted  for  the  weight 
of  masonry  lying  abore  the  sectiou  considered,  the  same  results  would 
have  been  obtained  as  those  given  in  Table  No.  2.  In  the  following 
analysis  this  method  was  used. 

Any  structure  which  resists  foroe  must  suffer  deformation,  and,  if 
the  matenal  is  not  stressed  beyond  its  elastic  limit,  the  amount  of 
deformation  is  proportional  to  the  force  which  produces  it.  In  other 
words,  the  amount  of  deformation  is  a  measnie  of  the  forces  which 
cause  it. 

The  structure  may  be  built  so  that  one  simple  system  is  deformed 
underload,  as  in  the  case  of  a  simple  girder  or  a  simple  arch:  in  that 
case  it  is  uvident  that  the  one  system  which  is  deformed  is  sustaining 
the  whole  load.  If,  however,  two  or  more  systems  are  defoimeil, 
which  would  be  the  case  if,  for  example,  the  middle  of  a  beam  rested 
upon  an  arch  or  a  stmt,  then  it  follows  that  the  load  is  divided  be- 
tween the  two  systems  in  proportion  to  their  rigidity.  This  is  tbe 
case  of  the  curved  masonry  dam.  The  thrust  of  the  water  oo  the  up- 
stream face  causes  the  dam  to  deSect  down  stream.  This  means  that 
the  horizontal  arch  is  distorted  and  therefore  resists  a  certain  amount 
of  thrust  which  it  transmits  to  the  sides  of  the  valley,  and  the  dam 
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oonsidered  aa  a  gravit;  sectioti,  or,  aa  poiatod  out  before,  b«  a  oan- 
tileTerbeamprojectiog  upward  from  the  foundation,  is  also  deformed, 
and  therefore  reaiHta  a  certain  amount  of  tbe  load,  which  it  aonduots 
to  the  base  of  the  dam.  The  problem  is  to  determine  how  much  of 
the  load  goea  each  way,  and  then  to  test  each  sjetem  for  its  ability  to 
carry  its  load  with  safetv. 

The  method  to  be  pursued  ia  to  divide  the  dam  above  Elevation  56, 
whioh,  for  reasons  to  be  given  later,  will  be  ooueidered  to  be  its  base, 
into  five  arch  rings  by  horizontal  planes  at  Elevations  100,  130,  160 
and  190.  An  expression  will  be  developed  which  will  give  the  deflec- 
tion of  each  of  these  arches,  in  terms  of  its  properties  and  the  load 
which  it  resists. 

Another  set  of  expressions  will  be  developed  whioh  will  give  the 
deflections  of  the  points  on  the  dam  at  the  elevations  of  the  middle  of 
the  arch  rings,  if  the  dam  ia  considered  as  a  vertical  beam,  in  terms  of 
the  properties  of  the  vertical  beam  and  the  loads  which  it  resists. 

It  is  useless  to  attempt  an  exact  solation  of  the  problem,  as  the 
outlines  of  the  structure  are  not  snfficiently  regular,  and  to  enter  into 
too  great  refinements  would  complicate  the  solution,  which,  at  best,  is 
somewhat  involved.  However,  an  exact  solution  is  not  necessary,  nor 
espeoiallj  desirable.  If  whatever  approximations  are  made  are  npon 
the  safe  aide,  and  results  can  be  gotten  which  are  known  to  be  within 
limits  which  are  not  too  wide,  the  aolntion  is  nearly  as  satisfactory  and 
quite  as  valuable,  as  a  test  of  the  safety  of  the  structure,  aa  though  it 
were  exact. 

In  the  Lake  Choesman  Dam.  if  it  be  considered  that  the  dam,  acting 
a^  an  arch,  carries  all  the  load,  the  streases  wonid  not  be  excessive. 
This,  in  itself,  is  a  very  good  guaranty  of  the  stability  of  the  dam,  for 
if  it  should  fail  utterly  aa  a  gravity  section  it  could  never  be  carried 
away  until  it  ha]  failed  aa  an  arch,  and  it  seems  sate  against  such  a 
failure.  It  follows,  then,  that  if  either  feature  of  the  dam  is  in  dan- 
ger it  must  be  the  gravity  section,  and,  therefore,  the  safe  aide,  in  an 
assumption  for  the  calculation,  is  the  one  which  throws  the  greater 
load  upon  the  vertical  cantilever  or  gravity  section. 

There  are  two  assumptions  that  it  is  necessary  to  make,  to  simplify 
the  wprk. 

First,  it  is  assumed  that  the  line  of  thrust  in  the  arch  coincides 
with  its  center  Hue  throughout  its  length.  In  other  words,  the  effect 
of  the  fixed  abutments  is  neglected.     This  is  on  the  safe  side,  for  the 
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effect  of  the  fixed  BbntmentB  is  to  stiffen  the  arch  and  make  it  ttke 
more  of  the  load,  leaving  lees  fur  the  gravitj  section. 

Second,  it  is  aaanmed  that  the  bottom  of  the  dam    follows  tbe 
dotted  lines  a  6  c  in  Fig.  7.    ThiB,  again,  is  on  the  eafe  side,  for,  if  tlie 
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bottom  of  the  dam  at  its  ntiddle  were  at  b.  Fig.  7,  the  vertical  can- 
tilever wonid  be  shorter,  and  therefore  stiffer,  than  it  actnally  is,  and, 
therefore,  it  wonld  take  more  load  than  it  actuallj  does.  Or,  looked 
at  in  another  wa;,  the  assumption  places  the  bed-rook  at  b,  and  implies 
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that  it  is  perfectlj  rigid.  As  a  matter  of  fact,  there  is  a  mass  of  65  ft. 
of  masonry  below  b  whiob  is  streased  at  its  dowo-Btream  edge  to,  aay, 
30  000  lbs.  per  eqaare  foot,  and  most  compress,  allowing  the  dam  to 
deflect  at  the  middle  still  more  than  has  been  assumed,  and  throwing 
more  of  the  load  n  pou  the  arches  and  less  npon  the  gravity  section  than 
has  been  assumed.  Let  Fig.  10  represent  a  section  of  the  dam  at  its  mid- 
dle, oral  &,  Fig.  7,  showing  the  section  of  the  horizontal  arches.  Let  the 
'  arches  be  nnmbered  from  the  top  down,  and  let  all  snbaonpts  refer  to 
this  nambering.  Consider  a  vertical  beam  fixed  at  b.  Fig.  7,  and  con- 
sisting of  the  masonry  enclosed  between  two  vertical  radial  planes 
1.002  ft.  apart  at  the  up-stream  top  edge  of  the  dam.  Consider  this 
beam  to  rut  against  the  horizontal  arches  at  Elevations  205,  176, 146, 
115  and  h6,  and  suppose  the  water  pressure  to  be  concentrated  at  these 
points.  These  pressures,  in  terms  of  the  weight  of  a  cnbic  foot  of 
masonry,  are: 

7*1  =     116 

/*,  =     468 

P,=     831 

/•.  =  1  197 

/»,  =  1  578 

Let  the  loads  upon  the  vertical  beams  at  Elevations  205,  175,  145, 
lis  and  85  be  X„  Z^,  Z„  Z^,  and  X^  It  will  be  assumed,  for  the 
moment,  that  the  arches  have  a  uniform  loading  throughout  their 
length.  This  loading  must  then  be  P  —  X.  lAter,  this  assumption 
will  be  shown  to  be  warranted. 

If,  as  has  been  assumed,  the  arch  baa  hinged  ends,  its  deflection 
will  be  as  indicated  in  Fig.  8,  that  is,  the  deflection  is  uniformly  in- 
creasing from  the  ends  toward  the  middle. 
Let      A  =  the  sectional  area  of  an  arch  rii^; 

R  ^  the  radius  of  its  up-stream  edge; 

E  =  the  modalns  of  elasticity  of  the  masonry; 

a    =  one-fourth  the  angle  which  the  arch  subtends; 

T  =  the  thrust  in  the  aroh  ring; 

L  ^  the  length  of  the  center  line  of  the  arch  ring; 

/    =  the  shortening  of  the  arch  ring  under  compression ; 

c    =  the  initial  position  of  the  crown  of  the  arch  (see  Fig.  H); 

c'    =  the  position  of  the  crown  after  deflection ; 
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D  ^  the  defleation  of  the  orown  ai  the  arch; 


Imt       (       ^-^ 

{P~S)RL 

*™'       '      AE 

AE        • 

TheD  i)  =  ^^^^ 

X)  RL  cot  a 
2AE 

(I) 

The  following 

are  the  values  of  R,  L,  A  and 

cot.  a.  for  the  »e\ml 

arcbea : 

ft, -400 

L,  =  580 

A,=     60i 

cot.  a,  =   2.5 

Aj  =  400 

Lj  =  400 

Ai=     728 

cot.  a,  =   3  7 

ii,  =  400 

Lj  =  270 

A,  =  1  222 

oot.  Oj  =  4  7 

A,  =  402.4 

£,  =  200 

^,  =  1  851 

cot.  o,=   7.1 

flj  =  406.7 

Z,=  130 

A,  =  2689 

oot.  a,  =  11.4 

Before  going  farther,  the  strees  in  the  archee,  if  the  stmctnre  bad 
no  reeietanoe  whatever  as  a  gravity  dam,  will  be  investigated.  Ve 
now  have  all    the  elements    for  sabetituting  in    the   approiiiiutc 

foimnla,  J<  =  — j-  , 

for  stress  in  an  aroh. 

Forlstaroh.  f-"^^  ^^  ^^'^  =  U  000  lbs.  per  square  foot 

For  2d  arch.  F  =  ^  ^  ^^  ^^'^  =  40  000  lbs.  persqnare  fool- 

For  3d  arch,  F  =  ^^  ^  ^222  ^^^^  ""  *'^  ^**  "'""  P" ^^"^  ^"* 
For4tharoh.i.=  ii?L^^^»S«-25^41200  1bs.   per  ^«« 
foot. 

For5thareh,y=  ^  ^^  ^  ^J/  ^'^^-g^=  88  600  lbs.  per  ^m^ 
foot. 

B?  this  it  is  seen  that  the  arches  would  not  be  over-stressed  if  the 
dam  had  no  resistance  as  a  gravity  section. 

Bj  substitoting  the  values  of  R,  L,  HaaA  cot.  a,  in  Equation  I, 
the  following  set  of  eqnatious  results: 

Ei),  =  575.4  (Pi  — X,)  =  66  170  —  575.4  J:, 
B  Bj  =  406.6  (Pa  —  Xj)  =  190  800  —  406.6  .Zj 
B7),  =  207.7  {P,  —  X,)  =  172  600  —  207.7  Xj 
EB,  =  154.5  (P,  —  X,)  =  184  050  —  154.5  X, 
ED^  =  116.1  (Pj  —  X,)  =  182  600  —  116.1  X^ 
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These  are  E  times  the  defleotioDB  of  the  crown  of  the  several 
arcbee,  in  terms  of  the  loads  on  the  vertical  beam. 

These  same  deflections  will  now  be  eipreaeed  in  terms  of  the 
properties  of  the  vertical  beam  and  its  load. 

The  deflection  of  the  dam,  considered  as  a  vertical  beam,  is 
expressed  b;  the  formula: 

EIdX„    ■* 

in  which  M  ^=  the  bending  moment  at  anj  point; 
/  =  the  moment  of  inertia  of  the  beam; 
E    —  the  modnlns  of  elastioitj ; 

H    =  the  height  of  the  dam  —  the  total  length  of  the  beam; 

D„  =T  the  deflection  of  an;  loaded  point,  from  the  positicm 

of  the  beam  without  loads.      D  must  be  measured 

in  the  direction  of  the  action  of  the  load  X„. 

For  the  reason  that  this  formnla  does  not  appear  ver;  generall^r  in 

textbooks,  it  will  be  demonstrated  here. 

Let  an7  beam  be  acted  upon  bj  loads  Xj,  X, ^n^^  points 

Il„Z>j 5„. 

Let  the  movement  of  these  points  under  load  be  D„  JD^ Z>„. 

In  passing  from  one  condition  of  loading  to  another,  work  is  done. 
The  total  work  of  all  the  external  forces  acting  upon    the  beam 

By  the  doctrine  of  the  conservation  of  energy,  this  must  be 
equalled  b;  the  internal  work  done  in  distorting  the  beam.  This 
interaal  work  is  done  in  lengthening  and  oompreBsing  the  material, 
and  IB  stored  as  potential  energy  in  the  material,  to  be  given  back  if 
the  forces  are  removed  end  the  beam  springs  back  to  its  initial  position. 
In  Fig.  9: 

Let  c  c  be  an  infinitesimal  portion  of  length,  d  y,  of  the  neutral  axis 
of  the  beam  under  stress; 
n  n'  and  m  m'  be  normal  sections; 
I  be  the  angle,  n'  c  r'; 
!  be  the  distance  from  the  neutral  axis  to  any  point,  q,  on  the 

section,  n  n'; 
/  be  the  stress  at  the  point,  q  ; 
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Before  the  beam  was  stressed,  ; 
position,  r  r'. 

Tlie  average  force  acting  upon  a  unit  area  at  q 
tance  throngli  which  it  acts  ia  z  i. 


J^^ 

P, 

. 

/-^ 

"^ - 

lao 

1', 

r 

\  ^ 

-P, 

m 

,\ 

\ 

1  w  \ 

^yvA 

L_SA 

\&  ^ 

Then,  neglecting  the  distortion  caneed  hj  shear,  which  is  practi- 
cally zero,  the  work  done  on  an  area,  a,  at  $  is:  ic  =  ^—^ —  . 
The  work  npon  the  whole  prism,  n  n'  m'  tn,  is: 
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The  total  intenutl  work  in  the  whole  beam  is: 

The  total  external  work  done  upon  the  beam  is: 

^  _  -P,  .0,  +  f.  gj f ,  J), 

2 
Eqn&ting  external  with  internal  work,  and  clearing  of  troctioiie, 

P,J),  +  P^D^ P„  D„  =  ^     ^  '  /mi. 

Differentiating  this  equation  with  respect  to  P„,  we  have: 

But,  /=  4^- 
df         dMt 


Snbstitating  the  Talaee  of  j-4-  and  z  i,  we  have: 


~,Z, 


'd  M  £   aMzdy_ 


We  therefore  have 


D  _  /•   '•9    A*  - 

/•"  dM     M    -"iri^'  .  , 

"'- jyKwr"^ *^-- 

Let  Mt  be  the  bending  moment  at  any  point  between  p,  and  p„ 
Fig.  10,  and  if,  between  p^  and  pj,  and  bo  on  for  M^,  Jf,  and  M^. 

Let  /,  be  the  avenge  moment  of  inertia  between  j),  and  p„  /,  the 
same  between  p,  and  pj,  etc . 

Let  y  be  the  distance  measured  downward  from  any  load  point 
toward  the  next. 
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J  .-EXd^" 


Ji) 


JK,  -  (y  +  a)  X,  +  J  ^, 
dAf.  .  dU^ 

dx,-"-*-"-       dx,- 


[0 


1^^  =  (y"  +  2  «  y  +  a^  J:,  +  (/ +  a  y)  JT, 
/■"  dM^Mt 1_ 

/■°i^*;iy_r/'o'     «A_      o"      ]    1_ 

«,  =  (2  <!  +  y)  X,  +  (n  +  y)  ^  +  y  Z, 
-j_^__(2<.  +  yl,    ^_„  +  y.   _^.  =  S, 

Poy+jflX, 
dXi         ~  Els 
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[a,  +  f)X, 


10 


r    dJU^M^dy  1_ 

J  „    El^dXj     '^  Eli 


6  EI. 


(28  ^,  +  14  ^  +  6  ^ 


ix, 

f  dM,M,  1 


-^^-j-tax,  +  5X, +  2^ 
».  -  (So  +  ,)  X,  +  (2a  +  y)  X,  +  (o  +  y)^  +  ,  Z, 
j^-(3,+,),  y^=(2a  +  ,),  j-^;-a  +  ,,  ^J-) 

^-^^~  I'"".*  6"J  +!/")  -^1+  (6<i'+6'"y +  »■)  ^  + 
(Sa'  +  4oy+y')X,+  (3<.y  +  y')i-, 


li  +  32  Xj  +  11  X,) 


^;t^._(6a'+5ay+,")X,  +  (4a'  +  4oy  +  y^^  + 

(2a'  +  3oy+y')X,  +  (2oy+y)X. 


^^•-(6o'+5ay+,")X,  +  (4a'  + 
(2a'  +  3oy+y') 

dJtf.Jtf,  _ 


(o"  +  2  a  y  +  y»)  :r,  +  (a  y  +  y*)  Z, 


d_M,M, 

dZ,      '' 


=■  (82  ^,  +  23  ^  +  U  X,  +  6  X,) 

y^  X.  +    (2  a  y  +  /)  X,  + 

(«  y  +  y^  X,    +  /  X, 
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Jf,  =  (y  +  Q)  jf,  +  y  Xj 
d  JIf,  dM, 

rfJ«,Jtf,      ,  , 

-dx, —  (*■ 


[(' 


'i^-ly'+a,)S,  +  y'Jr, 


r  dM,M,dy  _  [(^  »"  ,    o'A  X  +  «"  xKL- 

A(,  =  (2o  +  ,)  J,  +  („  +  ,)  ^,+yX, 

(aoy  +  jfll, 

r"  dM„X^di, 1_ 

J  ^         dX,         ~  Eli 
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''-f^'  =  (2a'  +  3«y+y)X,  +  {<.»  +  2fly  +  y*)2;  + 

(oy+/)X, 

/°  d  Jf,  Jf,dy  1_ 

f'  d  Jf,  jtf,     .      _      1 

«.  -  (So  +  ,)  X,  +  1,%,  +  y)  X,  +  ^a  +  y)Zi  +  y  X, 

ditf.      ,„     ,    .    dM^       ,„     ,     ,    djf.         .       djy, 
„-(3a  +  ,),  j^=(2„+,),  j^  =  <.  +  ,,  ^-^'-j 

^-^'-  Co'.+  S-S'  +  y')  X,+  (6,.'  +  6„y  +  j^)^  + 
(3  a"  +  4  o  ,  +  .v")  X.  +  (3  <.  ,v  +  jfl  ;r, 

/]  £-ft%  "  '  -  m  I"  ^' +  ^  ^' + '^ -*^' +  "  ^J 
6  <^  +  6  <i  y  +  y"!  X,  +  (4  a"  +  »  o  J  +  jfl  J; + 

/' If^  "' -  rlj;  I'"' ^' +  » -^  +  *■  ^' + « ^'1 


a*  +  4ay  +  /)  X,  +  (2a'  +  3ay  +  y*)  X,  + 

(a*  +  2ay +  y*)  X,  +  (rty +y*)  X. 

^J^-^  =  (3  a  y  +  y*)  -ar,  +    (2  o  y  +  y)  X,  + 

(^  y  +  y-)  X,    +  /  X, 


/•"  d  M,  M, 
J  „  EUTdX, 


2  X,  +  23  X,  +  14  Xj  +  5  X,) 
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Jf,  -  (4  a  +  y)  X,  +  (3<.  +  j,)  X,+  (2.i  +  yi  X, + 

(o  +  y)  X,  +  y  X, 


ST," 

.(40 

+  y) 

_(3 

>  +  >) 

7:^  = 

=  l»  +  y). 

(8<■'+8<ly+y■)J^,+(4n"+6oJ+y^Jr,+(^<ly+y^-Si 


/,l^-- 

a' 

(li»X, 

+  fl6X,  +  68X,  +  4lX,  +  14Xy 

^-^-(-^+ 

7  o  y  +  y")  2r,  + (9,i"+ Soy  +  y")  X;  + 

(en'  +  Coy  +  y- 

x,  +  ra 

o=  +  4ay+y=)X.  +  (8oy+y^X, 

/J?^1.^- 

rsTj 

(96  -T,  +  74  Zi  +  68  Xj  +  32  X,  +  11  X;) 

^-<««-  + 

6o,+ 

y")X,  +  (6a'  +  6ay+  y')X,+ 

(4<i'+4aj  +  y'|  J;+(l!o'+3oy^-y^X,+ 
(2oy+y•)^ 

(68X, +63^  +  88Xj  +2aX, +8^ 

^^!  _(4o'  +  6o,+   y^X,  +    (3o"  +  4ny  +  y^X,+ 

(l!<.'+3oy  +  y")X, +(o-  +  lloy  +  y^X, +  (oy  +  y")X, 

(41  X,  +  82  Xi  +  23  X,  4- 14  X,  4-  5  Xs) 

''/if'-(4<.y  +  y*)X, +(3o,+  y^^  +  (2o,  +  y")^+ 
(ay+y^X,  +  y-X, 
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r  X,  +  11  Xj  +  8  X,  +  5  X, 
540 

+  2  2 

A  = 

3240 

h  = 

10  800 

I,= 

32  400 

h  = 

81000 

To 

simplify  the  numerical  work,  the  factor, 

m  = 

=  C,iB  introduce! 

ThcQ, 

SEI,'' 

300 
-  E 

50 
-~E 

15 
-a 

6 
--E 

^'  =y ,  Eid-x,  ^>'=J  ^  -E-i:Tk  "^ + 

f  M^OM.,^    r"  M.aM 

Or,  bj  making  the  proper  enbatitntions,  we  get; 

CSi>,  -2484X,  +  1  0511  X^  +  416  X,  +  137  X,  +  28  Xj 
C  £  i>j  =  1  050  X,  +  648  X,  +  29.'J  X,  +  104  X,  +  22  X^ 
CEDj=  416  X,  4  2!>6  Xj  +  176  X,  +  71  X,  +  16  X;, 
CEV,=  137  X,+  104Xj+  71X,+  38  X,  +  10  X], 
CED^=  28X|+  2aXj+  16X;,+  10X,+  4X, 
By  maltipljinK  the  values  of  E  D,,  E  D..  etc.,  which  were  fonn 
(torn  the  arch,  by  the  factor,  36,  we  hftve: 

C  £  A  =  2  382  000  —  20  714  X, 
CBi)j  =  6  851000—  14f38X 
Ci;j),  =  6  214  000—  7  in  X; 
0  S  Z),  =  6  658  OOO  —  5  56i  X, 
C  £  ZJ^  =  6  574  (KW  —    4  180  X, 
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We  have  now  two  seta  of  expressions  for  the  same  tbiog.  By 
eqaatiog  these  we  get  the  following  gronp  of  Bimnltaneous  equations: 
0  =  — 2382000  +  23198^^1+  1060X;+  H6X,+  137X^+  282; 
0  =  — 6851000+  1050X,+152e6J^+  269^+  104X,+  22X, 
0  =  — 62U000+  416X,+  296  Xj  +  7  653  X,  +  71X,+  16^ 
0  =—  6  6  58  000  +  137  X,  +  104  X,  +  71  X,  +  5  600  X,  +  10  j; 
0  =  —  6  574  000  +       '28  X,  +        22  X,  +      16  X,  +      10  X,  +  4  184  Ji 

Solving  these  equations  we  get; 

X,  =       61 
Xt=     420 


These  are  the  thmsts  to  be  sustained  by  the  gcavitj-  seotion,  and 
may  now  be  used  in  place  of  the  aotnal  to  oompnte  the  streases  in  the 
gravity  section. 

The  loads  on  the  arches  are: 

J>,  —  X,  =  55 
Pj  —  Xj  =  48 
P,  —  X,  =  51 
P,  —  X,  =  30 
/**  — ^=  3 
By  comparing  these  with  the  loading  which  goes  to  the  gravity 
seotion,  it  is  seen  that  the  arch  carried  nearly  half  the  load  at  the  top, 
bnt  only  about  6%  half  way  down,  and  practically  none  at  the  bot- 
tom.    However,  any  assistance  near  the  top  of  a  gravity  dam  is  worth 
many  times  the  same  amount  near  the  bottom.     Table  No.  3  gives 
the  computation    of   stresses    in  the  trapezoidal    section    included 
between  two  radial  planes  for  both  the  case  of  reservoir  empty  and 
that  of  reservoir  full.     For  the  horizontal  thrusts  of  water  pressure, 
X,,  Xg.  etc.,  just  found,  were  used  down  to  Elevation  70.     Below  this 
point  the  actual  water  pressures  were  used.     In  this  table, 
6  =  the  breadth  of  the  joint; 
Ci  =  the  width  ot  the  np-stream  edge  of  the  joint; 
C'j  ^  "       "         "       down-stream  edge  of  the  joint; 

gj  =   "   batter    "       up-stream  face  in  the  10  ft.  next  above 
the  joint; 
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=  the  batter  of  tbe  down-streaiB  face  in  the  10  ft.  next  above 

the  joint; 
=  tbe  area  of  the  horizontal  joint  =  — '■ — ^^     ; 

=  the  weight  of  all  masonry  above  the  joint,  in  terms  of  the 

weight  of  a  cubic  foot  of  masonrf ; 
=  tbe  distance  of  the  center  of  gravity  of  the  joint  from  its 
h(C,-2C,) 
"  3  iCi+  Ct)' 

=  the  moment  of  all  the  masonry  above  a  joint  about  its  up- 
stream edge; 
=  the  distance  from  the  np-atream  edge  of  a  joint  to  the 

resultant  for  reservoir  empty  ^  =; 

=  the  actaal  thrust  of  tbe  water  against  the  10-fL  layer  next 
above  a  joint,  in  terms  of  tbe  weight  of  a  cubic  foot  of 
masonry; 

=  the  thmst  of  the  water  against  tbe  10-ft.  layer  next  above 
a  joint  which  is  carried  bj  the  gravity  section  (see  the 
foregoing  computation  of  the  effect  of  arch  action); 

=  tbe  moment  about  the  joint  of  all  these  loadings  (X) 
which  act  above  it; 

t  the  distance  between  the  resultants  for  reservoir  full  and 

M, 
reservoir  empty  =  ^; 

-  tbe  moment  of  inertia  of  tbe  joint  about  its  center  of 
gravity ; 

=  the  vertical  stress,  in  pounds  per  square  foot,  ut  the  up- 
stream edge  when  the  reservoir  is  empty,  = 

=  tbe  vertical  stress,  in  pounds  per  square  foot,  at  the  down- 
stream edge  when  tbe  reservoir  is  empty,  ^ 


=  the  vertical  stress,  in  pounds  per  square  foot,  at  the  up- 
stream edge  of  the  joint  when  the  n 
156.25  W  _  156.25  W  In  +  v  —  g)  g 
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/']  =  vertical  atreee,  in  poandu  per  square  foot,  at  the  down- 
Btreom  edge  of  the  joint  when  the  reeerToir  is  full,  =- 
166.26  W  ,    166.25  W In  +  v  —  t/]  (h—g) 
a        "*■  / 

In  disouBaiag  Table  No.  3  it  should  be  noted  that  with  this  treat- 
ment  of  the  snbject  there  is  no  question  of  whether  or  not  the 
resultanta  fall  within  the  middle  third.  That  condition  applies  onlv 
when  the  horizontal  sections  are  rectangular.  However,  to  show  the 
effect  of  the  arch  action  npon  the  position  of  the  resaltsnta,  they  are 
plotted  io  Fig.  10.  The  line  a— a  shows  the  position  of  the  res-altants 
for  reservoir  fnll  if  the  gravity  section  receives  no  aBsiatanoe  from 
the  arch  form.  The  adjacent  line  shows  the  position  of  the  resultants 
for  reservoir  fall  when  the  gravity  section  is  assisted  by  the  arches. 

The  last  four  colnmns  of  Table  No.  3  are  of  principal  interest. 
They  show  no  tension  and  no  compression  greater  than  is  safe  for  the 
excellent  masonry  used  in  the  dam.  At  the  toe  the  stress  is  about 
35  000  lbs.  per  square  foot.  There  are  two  reasons  why  this  stress 
can  probably  never  be  developed.  The  lower  60  ft.  of  the  dam  is  in  a 
deep,  narrow,  crooked  caiion,  and  if  at  the  toe  a  horizontal  straight 
line  is  drawn  at  right  angles  to  the  dam  it  will  soon  ms  into  the  solid 
granite  rock  of  the  canon.  This  is  shown  very  well  in  Fig  2,  Plate 
XVII.  It  is  also  probable  that  the  masonry  of  the  dam  itself  will 
bridge  across  the  narrow  caiiou,  delivering  mnch  of  its  weight  to  the 
side  nails. 

The  position  of  the  resnitanta  for  reservoir  full  and  reservoir 
empty,  as  shown  by  Table  No.  3,  is  shown  in  Fig.  10. 

The  line  a-a  shows  the  position  of  the  resultants  for  reservoir 
fnll  if  the  gravity  section  receives  no  assistance  from  the  arches. 

The  aesnmption  was  made,  in  the  beginning  of  the  analysis,  that 
the  arches  were  loaded  uniformly,  and  that  their  deflection  increased 
nnitormly  from  zero  at  the  abntments  to  a  maximum  at  the  middle. 
We  have  now  to  show  that  the  assumption  was  warranted. 

By  sabstitnting  61  for  X,  and  36  for  C,  in  the  equation  giving  the 
deflection  of  the  top  arch,  we  get 

This  is  the  deflectiou  at  the  middle  of  the  dam.  By  the  aasump- 
tion,  the  deflections,  at  points  on  the  arch,  one-flfth,  two-fiflhn,  three- 
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fifths  and  fonr-fiftbs  of  the  diBtanoe  from  the  middle  toward  the  abot- 

.      .„,      24  800      18  600     12  400       ,6  200  ,.     , 

ment,  will  be  — =-■,    — p  -,    — =— ,  and  — _-,  reBpeotivelj. 

Bj  snbstitating  the  Talnee  of  Z„  X ,  X^,  Jf^,  and  Xj.  in  the  eqtwtiotiB 
for  the  deflection  of  the  vertical  beam  or  gravity  eection,  we  get 
D,  =  —^ —  ,  which  checks  the  valnes  juat  fonnd  for  the  middle  of 

the  top  arch. 

If  the  baee  of  the  dam  follows  the  line  a-b-e.  Fig.  7,  then  at 
the  points  one-fiftb,  two-fifths,  three-fifths  and  four-fifths  of  the 
distance  from  middle  toward  the  abutments,  the  base  will  be  at 
Elevations  85,  115,  145  and  176.  Computing  the  deflection  of  the 
tops  of  the  gravity  sections  loaded  with  X„  Sp  etc.,  the  bases  of 
which  are  at  these  elevations,  the  deflections  are: 


25  000     16000     8  000 

E    '        E 


and  - 


These  agree  ver;  well  with  those  above,  except  at  the  three-fifths 
and  fonr-fifths  points,  where  the  deflection  of  the  beam  is  mnch  less. 
This  means  that  the  gravitj  section  maj  take  more  load  than  Xi  and 
Xj,  but  it  is  abundantly  strong  to  canj  all  the  water  presenre  and 
more,  and  it  seems  that  the  assumption  was  warranted,  especially  as 
no  aooonnt  has  been  taken  of  the  stifi'Dess  of  the  fixed  abutment  of 
the  arch,  which  wonld  tend  to  make  the  deflection  of  the  arch  leas 
near  the  abutments. 

It  will  be  noticed  that  it  has  not  been  necessary  to  assign  an  abso- 
lute value  to  E;  the  foregoing  analysis  wonld  have  little  value  had  it 
been  necessary  to  do  so,  for  the  modnlus  of  elasticity  of  masonry  is, 
not  only  different  for  eaoh  piece  of  work,  bnt  is  different  for  different 
ages  of  the  same  mass. 

It  has  been  assumed,  simply,  that  the  modulus  is  the  some,  both 
for  horizontal  and  vertical  directions.  There  appears  to  be  no  reason 
why  this  should  not  be  so. 

The  value  of  E  probably  lies  somewhere  between  2  000  000  and 
4  000  000  lbs.  per  square  inch,  or  say  3  000  000.  This,  in  terms  of  the 
weight  of  a  cubic  foot  of  masonry  and  a  square  foot,  is  2  7G4  000.    If 

this  value  be  substituted  in  Equation  D^  =  ■■■       ■   ,  we  get  X*,  =  0.011 

ft.  for  the  deflection  at  the  top  and  middle  point  of  the  dam. 
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Thus  Ua,  only  the  foroea  of  vater  praBstire  and  gravity  have  been 
considered  aa  acting  upon  the  dam.  Besides  the  stresses  indnced  by 
these  forces,  there  will  be  int«iiial  streiieeB  oaoBed  by  the  change  of 
Tolnme  of  the  mortar  in  setting,  the  building  of  portions  of  the  dam 
more  rapidly  than  others,  and  certain  portions  in  cold  weather  and 
others  in  warm  weather. 

Of  these  stresses,  probably  those  due  to  temperature  chfuiges  are 
much  the  greatest.  The  dam  has  been  built  nearly  coulinuonsly,  win- 
ter and  snmmer,  so  that  it  is  practically  impossible  to  set  the  range 
of  temperature  which  will  produce  stress.  When  the  reservoir  is  full, 
About  30°  Fahr.  is  as  great  a  change  of  temperature  as  can  be  ex- 
pected. This  would  tend  to  make  the  arch  in  snmmer  carry  more 
load  than  has  been  attribated  to  it  by  the  analysis,  and  less  in  winter, 
supposing  that  the  dam  is  always  at  a  uniform  temperature.  Should 
,  the  dam  be  cooler  on  the  down-stream  face  than  on  the  other,  which 
will  nearly  always  be  the  case  in  winter,  the  effect  would  be  to  throw 
more  load  on  the  arch,  tbns  neutralizing  the  effect  of  the  winter  con- 
dition of  the  arch.  Likewise,  a  warm  down-stream  face  would  neu- 
tralize the  effect  of  the  summer  lengthening  of  the  arch. 

If  the  dam  should  stand  through  a  cold  winter  with  no  water 
against  its  up-stream  face,  cracks  might  be  expected  in  the  upper  part, 
which  was  built  for  the  most  part  in  summer.  This  is  the  common 
experience  with  straight  dams. 

The  curved  form,  having  greater  flexibility,  would  tend  to  reduce 
the  number  and  size  of  the  cracks,  and,  in  a  dam  like  the  Bear  Valley 
I>am,  the  arch  would  probably  be  flexible  enough  to  prevent  them 
entirely.  This  cannot  be  expected  in  the  I^ke  Cheesmon  Dam,  but, 
no  doubt,  it  will  prevent  any  temperature  cracks  when  the  reservoir 
is  full. 

A  theoretical  analysis  of  stress  is  always  open  to  more  or  less  doubt, 
and  probably  the  best  test  of  a  design  is  a  comparison  with  prece- 
dents whenever  it  is  possible. 

Fig.  11  shows  superimposed  profiles  of  several  dams  which  ore 
comparable  with  the  Lake  Cheesman  Dam,  as  follows: 

The  Tillar  Dam,  in  Spain,  bnUt  in  1870  to  1878,  of  rubble  masonry, 
and  curved  to  a  radius  of  HO  ft. 

The  Chatroin  or  Tache  Dam,  in  France,  built  in  1888  to  1892,  of 
nibble  masonry,  and  curved  to  a  radius  of  1  812  ft. 
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The  Fnrene  Dam,  in  France,  boilt  in  1862  to  1866,  of  rubble  ma- 
BODiy,  BDd  cnrved  to  a  radius  of  626  ft. 

The  Ban  Dam,  in  France,  built  in  1867  to  1871),  of  rnbblo  masonrj. 
and  curved  in  plan. 

The  Perifar  Dam,  in  India,  bnilt  in  1886  to  1696,  of  concrete,  and 
straight  in  plan. 


COMPARATIVE 
SECTIONS  OF  DAMS 


The  Sweetwater  Dam,  in  California,  bailt  in  1887  and  1888,  of 
mbble  masonry,  and  curved  to  a  radius  of  222  ft. 

The  profiles  shown  in  broken  lines  in  Fig.  11  are  all  of  dams 
which  have  been  built  and  have  been  subjected  to  pressure  for  some 
years,  and  are  the  best  precedents  esistiug.     The  five  first  named  are 


b,CooglL- 


Fnpera.)  LAKE  CHBBBUAX  DAM  AKl)   BESBBVOIB.  -3t5 

the  highest  dams  in  the  world  which  have  been  aabjeot  to  test.  All 
«soept  the  Periyor  are  cnrred  in  plan.  The  Sweetwater,  however,  is 
the  only  one  in  whioh  the  designers  relied  on  the  arched  form  for 
strength.  In  this  case  the  arched  form  is  the  main  reliance,  although 
the  dam  has  considerable  resistance  as  a  gravity  section.  The  adopted 
profile  of  the  Lake  Cheeatnan  Dam  is  shown  by  a  fall  line.  Com- 
pared with  all  bnt  the  Sweetwater  Dam,  it  seems  rather  slender. 
There  are,  however,  three  conditions  which  o^et  this: 

The  lower  portion  shown  in  the  profile  is  little  more  than  a  ping 
ot  a  narrow  oaSon.  The  length  of  this  ping,  in  a  direction  transverse 
to  the  dam,  is  two  or  three  times  its  breadth,  and  can  hardly  be  con- 
ceived to  develop  the  stresses  which  might  be  expected  in  a  dam  the 
base  of  which  is  as  long  as  its  top.  The  masonry  being  nsed  is  prob- 
ably heavier  and  better  than  that  in  any  of  the  five  dame  the  profiles 
of  which  lie  outside  it.  Also,  it  is  cnrved  to  a  smaller  radios  than  any 
of  these  dams. 

The  profile  of  the  New  Croton  Dam  is  also  shown  in  Fig.  11.  This 
can  hardly  be  called  a  precedent,  for  the  dam  is  not  completed,  and, 
of  course,  has  not  been  tested.  The  design,  however,  has  been  before 
the  engineering  profession  for  a  number  of  years  and  has  been  ap- 
proved by  many  meA  of  the  best  judgment. 
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THE  BREAKWATER  AT  BUFFALO,  NEW  YORK. 


B;  Hetwrs.  G.  H.  Ratuond  and  Okobob  E.  Fkll. 


1,  G.  H.  RAiiioNp,t  Esq,  {bj  letter).— The  writer  has  read  ■with 
pleaenre  this  admirable  contribution  to  the  hietorj  of  the  BnfUo 
Breakwater,  and  althongh  he  cannot  diBcnss  the  paper  from  a  tech. 
nical  standpoint,  7et,  having  been  mnch  interested  in  the  proposed 
1  000-Ton  Barge  Canal  proposition  for  some  years,  he  has  been  espe- 
cially impressed  with  the  magnitude  of  the  BnSalo  breakwater  and  its 
bearing  on  the  commercial  future  of  the  State  of  New  Tork  and  the 
nation  at  large. 

It  is  a  strange  fact  that  the  building  of  this  breakwater  has  been 
the  greatest  factor  in  bringing  about  the  ratification  of  the  canal  ref- 
erendum at  the  last  election. 

.When  the  history  of  this  moTement  for  canal  improvement  is 
written,  it  will  be  made  clear  that  the  engineering  ability  of  Major 
Thomas  W.  Symons,  U.  S.  A.,  in  designing  the  breakwater,  and  the  care 
exercised  by  Assistant  Engineers  Quintna  and  Low  in  carrying  out 
the  plans,  have  been  of  the  greatest  value  to  tbe  canal  proposition. 

The  value  of  the  breakwater  as  a  harbor  protection  was  evident, 
but  the  problem  of  canal  improvement  needed  some  great  impetus  to 
impress  its  value  on  tbe  people  of  the  State. 

The  possible  future  of  the  eastern  end  of  Lake  Erie,  as  a  point  for 
making  iron  and  steel,  was  recognized,  but  the  harbor  conditions  at 

•  Continued  from  Jaauary,  1904.  Procefdingt.    See  November,  N06,  Proetediiv,  for 
paper  on  this  subject  by  Emile  Low,  M.  Am.  Soc.  C.  E. 
t  Secretary,  Caaal  EnUrgemeDt  Committoe. 
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Suffnlo  were  Buch  that  it  viae  practically  impossible  to  sectire  a  anffi-  Mr.  lUrniiHui. 
cient  area  of  land,  adapted  to  an  enormous  steel  plant  and  also  hav- 
ing deep-water  facilities  for  the  ever-in creasing  capacity  of  lake  craft. 

The  practical  completion  of  the  breakwater  was  in  sight  when  a  body 
of  men,  very  largely  interested  in  the  iron  and  steel  bnsiness,  was 
looking  for  a  site  on  the  shore  of  Lake  Erie  where  adequate  rail  con- 
nections and  snitablc  deep-water  facilities  could  be  secured.  Tbej 
^rere  also  looking  natorallj  for  a  cheap  water  route,  for  their  prod- 
ucts to  the  seaboard,  and  for  eastern  and  foreign  ores  to  be  moved  to 
their  plant. 

The  deep-water  facilities  to  be  furnished  by  the  breakwater,  and  the 
splendid  railroad  accommodations  at  Buffalo,  coupled  with  the  possi- 
ble cheap  water  rate  tor  foreign  ores  and  those  from  Lake  Champlain, 
together  with  the  cheapest  possible  rate  to  the  seaboard  on  their  out- 
put, based  on  the  active  agitation  for  the  1  000-Ton  Barge  Canal, 
induced  these  men  to  locate  at  Stony  Point,  inside  the  breakwater. 

This  enormons  plant,  wherein  is  being  invested  about  S4D  000  000, 
fnrnished  the  one  great  object  lesson  to  show  the  people  of  the  State 
what  a  magnet  cheap  transportation  offered  to  the  future  iron  and 
steel  bunioess  of  this  country,  and  that  the  1  000-Ton  Barge  Canal  was 
needed  to  round  out  the  State's  manufacturing  possibilities. 

There  are  numberless  arguments  in  favor  of  the  barge  canal,  and 
its  ratification  at  the  polls,  by  the  largest  majority  ever  given  to  auy 
similar  proposition  in  the  history  of  the  State,  is  evidence  of  the  thor- 
ough appreciation  of  its  future  value;  but  one  of  the  strongest  argu- 
menta  was  the  manufacturing  possibihties  along  its  length,  through 
the  centering  of  iron  and  steel  interests  along  the  Niagara  Frontier. 

The  Buffalo  Breakwater  aloue  made  it  possible  to  show  the  people 
that  the  iron  and  steel  business  would  come  to  them  if  given  proper 
enconragcraent,  and  to  its  building  may  very  largely  be  ascribed  the 
final  success  of  the  canal. 

The  Buffalo  Breakwater  and  the  1  000-Ton  Barge  Oanal  are  the 
two  greatest  propositions,  in  their  respective  lines,  in  the  world,  and 
it  is  a  remarkable  coincidence  that  they  should  be  so  intimately  asso- 
ciated in  location  and  in  their  efTect  on  the  future  commercial  history 
and  prosperity  of  the  State  of  New  York. 

The  completion  of  the  Buffalo  Breakwater,  the  building  of  the 
1  000-Tou  Barge  Oanal  and  the  construction  of  a  ship  canal  around 
the  rapids  of  the  Niagara  River,  which  latter  project  is  now  being 
actively  nrged  by  Colonel  Thomas  A.  Bingham,  will  insure  forever 
the  commercial  supremacy  of  the  State  of  New  York  and  bring  untold 
benefit  to  the  entire  territory  tributary  to  the  Great  Lakes. 

Oeobob  E.  FeiiI,,  Esq,  (by  letter).— The  writer  was  engaged  on  the  ht.  FbU. 
improvement  of  Buffalo  Harbor,  as  TJ.  S.  Assistant  Engineer,  under 
Captain  F.  Harvood,  Corps  of  Engineers.  U.  S.  A.,  and  presents  the 
following  historical  notes  in  relation  to  the  early  stsges  of  (he  work. 
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Mr.  Fell.  Tbe  ooDBtrnction  of  this  great  Bjetem  of  breakwaters  was  com- 
menced in  the  spring  of  1869.  The  oonstcnctioii  uader  water  con- 
sisted of  34  X  50-ft.  cribs,  of  12  x  12-in.  hemlock.  The  lower  ooarses, 
np  to  within  8  ft.  of  the  water  snrface,  were  of  hemlock.  Above  this 
level,  the  superstructure  consisted  of  oontinnons  12  x  12-iD.  pine 
timbers,  to  a.  height  of  8  ft  above  tbe  standard  level  of  the  water. 
This  standard  was  established  bj  tbe  writer,  under  Captain  Harwood's 
direction,  b;  a  fixed  bench-mark  on  the  lighthouse,  16.947  ft.  above 
ordinary  low-water  level  of  tbe  lake  at  tbe  time.  This  level  was 
fkdopted  arbitrarily  and  has  been  used  in  all  subsequent  observations. 
Dnring  the  earlj  years  of  the  work  the  stage  of  the  water  was  noted 
two  or  three  times  a  day.  These  records,  if  in  existence,  sbonld  be  of 
great  value  in  determining  the  variation  of  the  lake  leveL 

The  following  notes,  relative  to  tbe  sinking  of  tbe  first  crib  and 
other  initial  work,  are  taken  from  the  writer's  diary. 

Preliminary  arrangements  for  laying  oat  the  work  were  made  on 
May  20th,  1869,  and  tbe  lines  of  the  south  and  north  breakwaters 
were  marked  by  buoys.  On  Jane  4th,  the  contractors  had  built  Crib 
No.  1  to  the  fall  depth  of  twenty-three  courses.  On  June  Tth,  at  the 
site  of  Crib  No.  1,  six  piles  were  driven,  in  the  shape  of  the  letter  L, 
with  the  interior  angle  facing  "  np  current  "  so  that  the  crib  wonld  be 
held  securely  when  floated  into  position. 

The  crib  was  towed  to  position  during  tbe  night  of  June  8th,  by 
moonlight.  The  crib  was  placed  so  that  the  proper  comers  fitted 
into  tbe  angles  formed  by  the  L-shaped  group  of  piles  and  then  sank 
by  filling  it  with  stone.  To  align  this  crib,  lanterns  were  placed  on 
the  line  buoys. 

Cribs  Nos.  2  and  3  were  built  and  placed  in  position  in  a  similar 
manner.  The  placing  of  cribs  was  continued  during  the  summer  of 
1869,  although  the  season  was  exceptionally  etormy,  so  that  the  work 
was  piosecnted  with  difficulty,  as  will  appear  from  the  following 
instances: 

On  Jnly  19th,  Crib  No.  5  was  placed  in  line  and  properly  secured. 
On  July  21st,  after  about  200  cords  of  stone  bad  been  placed  in  the 
crib,  a  sudden  southwest  gale  carried  it  away  or  broke  it  into  two 
pieces,  so  that  fifteen  courses  were  carried  ashore. 

On  September  29th,  Crib  No.  11,  which  had  been  sunk  on  Septem- 
ber 27tb,  was  carried  ashore. 

On  November  18th,  Crib  No.  12  was  washed  ashore.  Oalea  fol- 
lowed each  other  in  quick  succession,  and  disaster  after  disaster 
resulted,  the  short  length  of  completed .  breakwater  not  affording 
sufficient  lee  for  security  in  the  work  of  construction.  On  October 
23d,  the  last  crib  for  tbe  season  was  placed  in  line,  making  a  length  of 
550  ft.  of  work  for  the  season  of  1869. 

TheseasonoflSTO  was  characterized  by  calm  weather,  a  remarkable 
contrast  to  that  of  1869.     Crib  after  crib  was  placed  in  position,  and  tbe 
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breakwater  became  at  onoe  a   great  boon  to  the  lake  mariner  in  Bir.  FdL 
aSbrding  a  safe  lee  in  stormy  weather. 

As  to  the  foundation  oonditione,  Mr.  Low  sajs:* 

"Aa  the  lake  bottom  of  the  area  odjaeeot  to  the  north  end  of  the 
breakwater  ia  generally  rocky,  overlaid  with  a  thin  layer  of  sand,  no 
apprehension  seems  to  have  been  felt  in  placing  the  cribs  directly 
thereon;  in  fact,  it  is  doubtful  if  any  extended  examination  of  the 
bottom,  along  the  line  of  the  proposed  work,  was  mode  or  considered 
necesBary  at  the  time." 

As  far  as  any  exttinded  examination  of  the  lake  bottom  was  con- 
cerned, this  is  true.  Partial  examioationa,  however,  had  been  made  by 
the  writer,  who  began  his  work  without  previona  knowledge  or  data 
to  gnide  him. 

The  first  attempta  were  made  by  the  nse  of  augen  attached  to  gas 
pipes  of  varying  lengths,  the  pipes  being  coupled,  as  usual,  by  screw 
sleeves.  The  pipes  were  prevented  from  tnrtting  at  the  joints  by  in- 
serting 1-in.  iron  pins  into  holes  drilled  through  each  pipe  and  sleeve. 
A  common  anger  was  first  used,  and  fonnd  nnserriceable;  a  *'  worm  " 
auger  was  then  tried,  with  more  success,  but  what  is  termed  a  "  pod  " 
auger  gave  the  best  results.  In  carrying  on  the  boring  operations  two 
small  scows  were  anchored  in  position  close  to  each  other,  and  a  connect- 
ing platform  laid  over  the  intervening  space.  The  augers  were  operated 
from  this  platfrom.  The  greatest  penetration  obtained  was  about  8  ft. 
through  very  Hott  clay.  In  gravel  it  was  with  great  difficulty  that  any 
penetration,  beyond  a  few  feet,  could  be  made.  The  augers,  which 
-were  from  2  to  3  ins.  in  diameter,  were  too  weak  to  withstand  the 
strain  applied  and  broke  continually.  In  several  instances  the  pipes 
were  twisted  out  of  shape.  The  work  progressed  slowly  in  any  mate- 
rial excepting  very  soft  clay.  Heavy  weights  were  attached  to  the 
pipe  in  order  to  force  the  auger  to  penetrate  the  strata,  but  without 
appreciable  success.  The  only  means  of  judging  of  the  character  of 
the  material  was  from  the  sound  mode  by  the  pipe  in  boring.  Observa- 
tions made  in  this  manner  were  found  to  be  unreliable. 

In  Jannary,  1872,  the  writer  made  more  extended  inveatigationa,  of 
the  character  of  the  bottom  material,  through  the  ice.  For  thia  pur- 
pose there  was  used  extra  heavy  gas  pipe  with  an  outer  diameter  of  2 
ins.  aud  an  inner  diameter  of  1  in.  and  in  sections  from  5  to  8  ft.  long. 
These  lengths  were  joined  with  ordinary  sleeves.  The  lower  or  pene- 
trating end  of  the  pipe  was  furnished  with  a  sharpened  steel  shoe,  the 
inner  diameter  of  which,  for  about  }  in.  of  length,  waa  a  trifie  smaller 
than  the  internal  diameter  of  the  pipe.  This  shoe  was  attached  to  the 
pipe  BO  as  to  prevent  jamming  of  the  threads  of  the  screw  in  driving. 
A  hardened  driving  head  waa  ako  provided. 

For  the  purpose  of  driving,  pulling  and  handling  the  pipe,  a  hand- 
pover  pile-driver  was  constructed  for  nse  on  the  ice,     It  was  provided 

•  Proctedingi,  Am.  Boc.  C.  E.  tor  November,  1908,  p.  90B. 
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Mr.  Fell,  with  nmners  BO  as  to  be  more  easily  moved.  A  horee  was  kept  on 
hand  to  move  it,  aa  absolute  necessity  vhen  the  snow  was  heavy.  A 
176-lb.  oast-iron  hammer  was  used  for  driving.  Operatione  with  this 
apparatus  were  conducted  with  great  snccess,  and  the  bottom  of  the 
lake  was  examined  to  the  rock  bed.  In  all  coses  the  inside  of  the  pipe 
was  partially  filled  with  the  material  forming  the  lake  bottom.  After 
the  pipe  was  raised  the  shoe  was  removed  atid  the  contents  of  the  pipe 
forced  ont  with  a  rod  which  closely  fitted  the  inside  of  the  pipe.  In 
driviDg,  the  difi'ereDt  velocities  of  the  pipe  in  penetrating  the  vsrions 
strata  indicated  their  relative  densities  (or  resistances),  the  depths 
being  also  noted.  Ah  the  pipe,  when  withdrawn,  contained  a  sample 
of  the  material,  the  character  of  each  stratum  was  known. 

Owing  to  the  cold  weather,  the  contents  of  the  pipe  froze  quickly; 
so  that  it  was  necessary  to  provide  a  stove,  protected  by  a  tent,  and 
to  nse  hot  water  for  thawing  out  the  pipe.  The  power  afforded  by  the 
windlass  attached  to  the  driver  was  sometimes  insufficient  to  with- 
draw the  pipe;  when  this  was  the  case  various  combinations  of  8-in. 
and  12-in.  pulley  blocks  were  used  in  connection  with  the  windlass, 
which  was  manned  by  five  men.  This  additional  power  was  required 
in  cases  where  the  pipe  had  penetrated  sand  and  gravel  in  varying 
proportiODB.  The  average  depth  of  water  at  the  site  of  the  work  was 
27  ft.  The  greatest  penetration  of  the  pipe  was  22  ft.  through  red  clay 
to  the  solid  rock.  The  greatest  length  of  pipe  filled  with  material 
was  20  ft.  These  borings  showed  that  the  foundation  of  the  cribs  to 
be  sunk  during  the  season  of  1872  would  be  in  soft  clay,  and  that  con- 
siderable settlement  might  be  expected.  Therefore,  special  precao- 
tions  were  taken  to  keep  the  cribs  in  line  by  piling  heavily,  and  the 
supers truoture  was  built  up  to  the  full  height.  Toward  the  close  of 
the  season  of  1872,  however,  this  foundation  showed  evidence  of  seri- 
ous weakness',  as  will  appear  from  the  following  occurrence. 

On  September  29th,  1872,  a  violent  southwest  gale  set  in,  and 
increased  in  fury  during  the  following  night.  Vp  to  6  P.  if.  on  this 
day  the  work  was  intact,  but  on  the  morning  of  September  30th,  it 
was  discovered  that  the  whole  of  the  addition  of  the  season  of  1872 
bad  been  diapiaeed  and  had  settled  to  a  considerable  extent.  Cribs 
Nob.  42  to  47  had  settled  so  that  the  top  of  tfaeir  saperstmcture, 
instead  of  being  H  ft.  above  water,  was  in  some  places  2  ft.  below 
water.  The  cribs  had  also  worked  out  of  line  to  a  considerable  extent. 
This  disaster  emphasized  the  necessity  for  a  thorough  examination  of 
the  bottom  of  the  lake  on  the  line  of  the  proposed  extension  of  the 
breakwater. 

The  following  is  a  description  of  a  plant  nsed  for  examinations  of 
the  lake  bed  in  the  summer  of  1H73  on  surveys  for  the  Harbor  of 
Refuge  at  Cleveland,  Ohio.  It  consisted  of  a  self-propelling  scow 
and  driver,  which  bad  formerly  been  used  for  driving  stakes  or  poles 
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for  fish  nets.  The  bcow  was  abont  30  ft.  long,  12  ft.  wide  uid  2  ft.  x 
deep.  At  the  stern  was  a  central  longitudinal  open  well,  10  ft.  long 
and  1.6  ft.  wide,  in  which  a  paddle  wheel  was  placed.  A  small  np- 
right  engine  and  boiler  of  aboat  6  H.-P.  was  used  (or  propnlBion  and 
operating  the  boring  apparatus.  A  413-lb.  hammer  was  used  in  driv- 
ing. With  this  plant,  borings  were  made  in  water  from  24  to  37  ft. 
deep,  and  a  penetration  of  20  ft.  made  through  shingle,  qnioksand  and 
blue  olaj.  In  these  depths  it  was  found  that  there  was  considerable 
vibration  of  the  pipe,  indicating  the  desirabilitj  of  using  an  outer  pipe 
of  larger  diameter.  The  cost  of  operating  this  plant  was  S30.50 
per  da;. 

Ihiring  the  spring  and  summer  of  1874  a  surrej  of  the  harbor  at 
Buffalo  was  made  by  the  writer,  under  the  direction  of  Major  Hor- 
wood,  for  the  Board  of  Engineer  Officers  of  1873-74.  The  plant  used 
for  ascertaining  the  character  of  the  lake  bed  was  designed  hj  the 
writer  as  an  improvement  on  that  used  at  Cieveland.  It  was  a  self- 
propelling  "steam  rod  driver,"  and  oonsisted  of  a  scow  40  ft.  long, 
12  ft.  wide  aud  3  ft.  deep,  drawing  IS  ins.  of  water.  It  was  provided 
with  a  pile-driver,  28  ft.  high,  placed  at  one  end,  a  propelling  wheel, 
working  in  an  open  well,  at  the  center,  and  a  steam  engine  at  the  other 
end.  The  steam  engine  was  need  for  propelling  the  soow  and  for 
operating  the  hammer  used  in  driving  the  pipes.  The  rod  driver  was 
built  at  Buf&lo  and  cost  $2  600. 
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VALUING  RAILROAD    PROPERTIES. 

Discussion.* 


By  Messrs.  F.  Latis  and  W.  H.  Cotebpai.b. 


"'  F.  Lavis,  Aasoc.  M.  Am.  Soc.  C.  £.— As  to  the  low  valaation  ot 
some  of  the  rotidB  mentioned  by  Mr,  Corthell,  the  speaker's  experience, 
based  on  very  close  estimates  of  some  projected  lines  in  Nortbern 
Teiae,  estimates  based  on  actual  final  location  lines,  and  very  careful 
examination  of  the  ground,  leads  him  to  believe  that  Mr.  Gortbell'^ 
statement,  that  the  valaatious  of  the  Commiasion  were  apt  to  be  lov, 
ie  correct. 

The  Texas  State  Railroad  Commission,  while  not,  perhaps,  ab- 
solutely infallible,  is,  the  speaker  believes,  one  ot  the  most  etGdent 
in  the  country.  Texas  has  led  all  the  other  States,  in  milee  of  ne' 
railroad  bnilt,  for  several  years  past,  and  it  is  fortunate  for  the  rail' 
roads,  as  well  as  for  the  State,  that  the  laws  relating  to  the  railrotdt 
and  the  ail  ministration  of  them  boa  been  so  efficient,  and  notwithstuid' 
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ing  the  remarVB,  an  to  the  conrage  of  promoters  of  railroad  lines  in  Ur.  Lavis. 
Texas,  all  the  older  roads  are  seiziug  evetj  opportaoity  to  establish 
themselves  in  advantageons  locations. 

The  general  character  of  the  lines  bnilt  in  recent  years  shows  that 
there  is  a  marked  departure  from  the  older  metfaode  of  location  and 
conatmotion.  Where  possible,  with  any  reasonable,  or  even  con- 
siderable, expenditure,  the  maximum  grades  are  not  greater  than  0.6 
or  0.6%,  compensated  for  curvature,  which  latter  seldom  exceeds  4 
degrees. 

A  recent  law  compels  all  existing  steam  railroads  to  install  an  in- 
terlocking plant  at  all  grade  crossings  with  other  steam  roads, 'the 
expense,  both  of  installation  and  maintenance,  to  be  borne  eqnatly  by 
the  two  roads.  Wbere  a  new  road,  however,  proposes  to  cross  a 
road  already  existing,  the  expense  has  to  be  borne  entirely  by  the  new 
road,  provided  the  Bailroad  Commission  decides  that  a  separated 
crossing  at  the  point  in  qnestion  is  not  practical,  and  it  is  somewhat 
difficult  to  demonstrate  this  to  the  present  commission.  New  railroads 
however,  can  well  afford  to  spend  as  much  as  from  825  000  to  830  000 
to  avoid  the  expense  of  the  interlocking  plant  and  its  maintenance. 

W.  H.  CovEHDALB,  Assoc.  M.  Am.  Hoc.  C.  E. — Although  it  may  Mr.  CovBrdaia. 
seem  to  be  a  far  cry  from  the  recent  tragic  death  of  a  London  pro- 
moter and  the  no  less  pathetic  situation  now  confronting  the  United 
States  Shipbuilding  Company  to  the  Buhject-matier  of  this  paper, 
yet  the  fact  is  that  these  seemingly  diverse  matters  sj'e  but  different 
effects  of  the  mushroom  growth  which  is  oalled  over-capitalization. 
On  one  hand,  there  is  unrestricted  and  perhaps  unlawful  development, 
resnlting  in  ruin;  on  the  other  hand,  there  is  so  rigorous  a  use  of  the 
pruning  knife  that  the  normal  growth  is  stnnted. 

The  very  first  sentence  in  Mr.  Greene's  little  book  on  "  Corpora* 
tion  Finance"  is  that  a  business  manor  firm  must  borrow  money. 
With  the  individual,  as  with  small  firms  and  manufacturers  in  many 
lines,  the  loan  may  take  the  form  of  commercial  paper;  with  the 
railroad,  it  generally  consists  of  a  mortgage.  The  regulation  of  the 
amount  and  character  of  such  mortgage  is  one  of  the  most  important 
matters  upon  which  definite  legislation  is  needed. 

Those  engineers  who  have  been  identified  with  railroads  are 
doubtless  aware  that  within  the  last  fifty  years  railroad  commissions 
have  been  estsblished  in  various  States  which  deal,  but  by  no  means 
exclusively,  with  this  matter. 

These  commissions  now  exist  in  New  ¥ork,  Massachusetts,  Maine, 
New  Hampshire,  Vermont,  Connecticut,  Rhode  Island,  Pennsylvania, 
Ohio,  Kentucky,  Michigan,  Wisconsin,  Minnesota,  North  and  South 
Dakota,  Nebraska,  Illinois,  Iowa,  Missouri,  Texas,  Arkansas,  Cali- 
fornia, Virginia,  Georgia,  North  and  South  Carolina,  Teouessee,  Ala- 
bama, Mississippi,  Louisiana  and  Florida. 
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Hr.  Corerdaie.  Seventeen  States  have  no  railroad  oommisBiona.  Hany  of  these 
commisBionB  are  mandatorj,  bnt  some  fLre  merely  advisory,  and, 
indeed,  the  latter,  in  some  instances,  have  shown  themselves  qiule  u 
proficient    as    the    mandatory    oommiasions    holding    greater   legal 

The  MaesacbnBetts  CommisBion,  which  is  adviBory,  only,  has 
developed  along  broad  linee,  and  its  efficiency  ia  well  known.  The 
Texas  Commission,  whose  methods  are  nnder  discuBaion,  is  manda- 
tory, and  iB  also  well  and  favorably  known.  All  thcBe  commisBions 
det^  with  questions  of  public  utility  and  conveiiience;  qneetionB  of 
ratee  and  traffic;  questione  of  acconnts,  of  arbitration,  and  in  some 
oaseB  of  capitalization. 

In  addition  to  the  State  oomnussioiiB  there  has  been,  since  1887, 
an  Interstate  Coniinerce  Commission.  This  Commission  devotes 
much  time  to  rates  and  tariff,  and  haa  done  much  to  better  conditions 
by  doing  away  with  pooiin);;  agreements  and  abolishing  the  system  of 
secret  rebates.  Its  functions,  however,  have  been  limited,  and  in 
some  eases  curtailed,  by  anpreme  Conrt  deeisionB  relative  to  the 
intent  of  the  Legislative  Act  under  which  it  operates,  and  the  main 
question  of  abeolute  control  of  railroad  capitalization  is,  therefore, 
broadly  speaking,  nntonched. 

'When  it  ia  considered  that  there  are  some  forty-nine  State  govem- 
mente  exercising  authority  over  the  railroads  of  this  country,  the  folly 
of  looking  to  such  diverse  interests  for  harmonious  and  concerted 
action  is  aeen.  When  it  is  considered,  further,  that  one  railroad 
property  may  extend  over  several  States,  and  be  subject  to  a  new  set 
of  regulations  and  laws  every  time  its  tracks  cross  a  State  line,  some- 
thing is  seen  of  the  inconvenience  and  danger,  even  of  the  existing 
conditions.  The  word  "danger"  is  used  because  a  multiplicity  of 
conflicting  laws  means  an  observance  of  none.  When  it  is  realized 
that  only  a  portion  of  the  traffic  of  a  railroad  can  be  controlled  by 
State  legislation,  namely,  the  business  originating  and  terminating 
within  the  State's  borders,  and  that  even  the  import  and  export  traffic 
on  through  billing  to  and  from  interior  points  is  not  affected  by  the 
rnlinge  of  the  Interstate  Commerce  Comnjission,  it  is  seen  that  the 
present  methods  of  control  areinadequateand  that  evasions  of  the  laws 
may  be  made  with  ease. 

The  present  conditions,  although  in  many  respeote  unsatisfactory, 
mark  substantial  progress  over  those  obtaining  a  few  decades  ago. 

The  years  from  1850  to  the  beginning  of  the  War  marked  the  rapid 
growth  of  railroads  in  the  Middle  West,  and  the  consolidation  into 
trunk  lines  of  the  various  smaller  companies  throughout  the  more 
thickly  populated  Eaetem  States.  In  those  days  the  railroad  was,  in 
name  and  in  fact,  a  private  corporation  operating  without  reetrictions 
as  to  rates  and  methods.     To-day  the  railroad  ia  a  public-service  oor- 
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poration.  and  as  snob  is  in  a  meaenre  subject  to  Qovemment  restrio-  Mr.  Corerdaie, 
tioua  ae  to  ratee  of  trafflo,  public  coavenianoe,  and  publicity  of  opera- 

In  1868  to  1872,  dnriag  wbicb  years  many  of  tbe  western  roads 
were  ooDBtruoted,  tho  over-eapitaUzation  of  tbese  new  lines  waa  Huoh 
tbat,  notwitbstanding  Qovernment  land  grants  and  money  bonuses, 
disaster  was  not  averted  in  the  panic  of  '73. 

Tbe  lesson  learned  then  has  not  been  forgotten,  and  the  ooneer- 
vatism  of  to-day  is  substantial  in  character  when  compared  with  paat 
-oonditiune. 

Disregarding  tbe  possibility  of  QoTemment  ownership  or  control 
■of  railroads,  as  too  radical  a  departure  from  present  conditions,  and 
considering  only  GoTemmeut  supervision  in  all  matters,  including 
trafiSo  rates  and  capitalization,  and  procetfding,  also,  npon  the  basis 
of  rates  which  competitive  traffic  will  bear,  the  question  may  now  be 
asked:  "Wherein  consists  the  seonrity  of  a  railroad  mortgage,  and 
what  assets  may  with  propriety  be  considered  ae  oollateral  therefor?" 

In  answering  tti'"  question  it  is  necessary  to  keep  in  mind  the  essen- 
tial difference  between  a  mortgage  on  real  eetate  or  on  a  manufacturing 
plant  and  a  mortgage  on  railroad  property.  Land  has  a  real  value 
which  may  readily  be  ascertained,  and  its  value  asa  mortgage  security 
is  that  percent^e  on  its  market  value  which  can  be  obtained  for  it  at 
a  forced  sale;  a  maunfaoturing  concern  has  also  real  value  in  anch  as- 
sets or  real  estate,  plant,  stock  and  finished  product,  and  such  a 
property  should  wreck  for  more  than  the  amount  of  its  outstanding 
obligations. 

A  railroad,  it  is  true,  has  some  real  assets  in  the  way  of  land, 
roadbed,  buildings,  and  rolling  stock,  but  it  produces  from  this  prop- 
erty nothing  but  that  intangible,  highly  perishable  commodity  called 
transportation;  it  must  operate  even  at  a  loss  to  prevent  utter  ruin; 
it  cuinot  be  devoted  to  other  uses;  it  cannot  be  sold  under  foreclosure 
because  its  use  is  so  restricted,  and  purchasers,  therefore,  few,  but 
must  generally  be  reorganized  upon  a  more  conservative  basis,  which 
means  a  loss  to  security  holders. 

A  railroad  mortgage,  therefore,  is  secured  only  in  part  by  its 
physical  assets,  notwithstanding  the  legal  phraseology  on  the  bond, 
and  in  part  by  its  franchises  and  special  privileges  which  contribute 
to  its  earning  power  no  less  than  do  its  rolling  stock  and  track. 

luaemuch  as  au  ex  post/ado  law  has  never  been  in  general  favor,  it 
seemsimprobable  tbat  a  readjustment  in  capitalization  of  existingroads 
could  be  made  by  Government  authority,  except  attimesof  reorganiza- 
tion. At  such  times,  with  full  operating  statistics  available,  a  fair  valua- 
tion could  be  made  in  the  following  manner:  Take  the  average  yearly 
^oss  earnings  and  deduct  therefrom  the  average  operating  expenses 
plus  a  proper  amount  for  annual  maintenance,  taxes  and  betterments; 
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r.  CoTerd&le.  then,  Be  B  reserve  fond,  set  aside  stioh  amoDiit  aa  will  Id  the  oonrae  of 
a  few  jearB  pi-ovide  a  snrplne  against  fluctuations  of  basinees,  and  the 
bslaoce,  capitalized,  will  represent  the  amonnt  of  secoritieB  which  the 
property  is  worth. 

Bj  deducting  from  thifi  snm  the  physical  cost  or  valae  of  the 
property,  the  proper  value  of  the  franchises,  good  will,  or  eaning 
capacity  is  secnred. 

For  example,  tahe  a  railroad  earDing  a  gross  income  of  210  000  000 
per  year.  Such  a  road  in  Texas  would  be  2  000  miles  long,  as  the  arersge 
gross  earnings  of  railroads  in  that  State  are  about  95  000  per  mile. 
Dednct  now  70?o  for  operation,  maintenance  and  taxes,  which,  again, 
fairly  represeate  actual  conditions,  and  there  remains  a  balance  of 
$3  000  000. 

Out  of  this  sum  set  aside  b%  of  the  groEs  earnings,  or  »l;00  (tO, 
for  reserve  fund,  and  there  is  a  balance  oF  S2  500  000. 

Capitalizing  this  balance  at  5%  gives  a  total  of  850  000  000,  which 
represents  the  total  value  of  the  property.  The  average  cost  of  cod- 
Btrnction  and  equipment  per  mile,  as  determined  by  the  Texas  Com- 
misHion,  is  aboat  916  000,  so  that  the  physical  value  of  the  railiosd 
wonid  be  $32  000  000,  leaving  an  actual  value  of  S18  000  000  to  be 
ascribed  to  franchises  and  earning  power. 

This  total  valnation  would  be  at  the  rate  of  825  OOO  per  mile,  as 
against  $46  691  per  mile,  which  was  the  average  in  Texas  in  19C0,  jurt 
prior  to  the  act  Tinder  which  the  Commission  was  created;  and,  is 
against  816  120  per  mile,  which  is  the  average  for  all  the  Texas  nil- 
roads  which  the  Commission  has  valued. 

Such  amethod  is  conservative  when  compared  with  uncontrolled 
capitalization,  and  it  approximates  actual  conditions  more  nearly  thu 
the  restricted  method  which  considers  physical  values  only. 

The  foregoing  figures  represent  both  bonds  and  stock,  and  for  two 
reasons:  The  first  is  that  the  Texas  Commission  figures  include  both 
classes  of  securities;  and  the  second  is  that  railroad  stocks  should 
have  an  investment  value  rather  than  a  speculative  value. 

In  the  case  of  new  roads,  where  no  earning  statistics  are  available, 
these  could  be  estimated,  on  a  conservative  basis,  from  adjacent  roid?, 
or  they  could  be  omitted  entirely  and  a  temporary  or  partial  valoi- 
tion  made  on  the  cost  of  construction.  Such  valnation  should  be  sup- 
plemented on  the  more  liberal  basis  as  soon  as  the  earning  capacity  of 
the  road  is  demonstrated;  and  in  valnations  of  both  old  and  new  roads 
provision  should  be  made  for  increase  of  capitalization  commenenrste 
with  growth  of  earnings. 

The  speaker  has  spent  considerable  time  in  Texas  on  railroad  work, 
and  is  acquainted,  superficially,  with  the  methods  of  the  Commisairai 
in  the  matter  of  valuations. 

He  bad  the  pleasure  of  being  on  a  railroad  inspection  trip  in  IWS 
with  the  author,  and  was  much  impressed  with  the  thoronghnesa  aod 
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oare  evinced,  even  in  mattere  of  small  detail.     The  Tezae  Gommiseion  Hr.  CoTeidate. 
hasliad  a  'wboleeome  effect  on  Texas  railroading,  and  is  popular  botli 
with  the  railroads  and  the  public. 

In  closing,  the  speaker  wishes  to  note  three  pertinent  items: 

Fint, — The  Texas  railroads  constmoted  prior  to  the  passage  of  the 
act  of  1893  seem  to  have  an  advantage  over  those  built  since,  as  their 
capitalization  is  uaaffected.  Perhaps  this  is  a  fallacy,  however,  as 
more  than  90%  of  them  were  in  the  hands  of  receivers  when  the  law 
took  effect. 

Second. — Bailroads  doing  an  interstate  bosineas  are  not  affected  in 
the  matter  of  capitalization,  as  are  those  entirety  in  the  State,  for  the 
reason  that  they  can  still  issue  blanket  mortgages  covering  the  whole 
property  irrespectiTe  of  the  Texas  low. 

Third. — The  practice  of  the  Commission,  in  allowing  first  cost  of 
constmction  without  depreciation,  seems  to  favor  unduly  those  toads 
which  ore  not  maintained  properly,  and  there  are  several  enoh  in 
Texas. 
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FREEZING  AS  AN   AID  TO   EXCAVATION 
IN  UNSTABLE  MATERIAL. 


Bj  Messie.  Oeoboe  E.  Thomas,  D.  E.  Moban,  £.  L.  Abbott, 
T.  Eeknabd  Thomi'SON  and  Wbbnkb  Boecklin. 


Mr- Thomas.       Geobob  E.  Thomas,  M.  Am.  Soc.  C.  E.  (by  letter).— The  writerhM 
read  thia  paper  with  much  interest. 

The  ground  pipes  for  the  shaft  at  the  Chapin  Mines,  Iron  Monn- 
tain,  Mich.,  were  put  down  by  the  Chapin  Mine  Company,  and  bate 
been  described  fully  by  D,  £.  Moran,  M.  Am.  Soc.  C.  £.,  in  a  papert 
before  the  School  of  Mines  of  Columbia  College,  New  York  City.  TUb 
piping  was  finished  in  the  summer  of  1888,  and,  in  August  of  that  year, 
the  writer  was  ordered  by  General  William  Sooj-Smith,  President  of 
the  PoetBch,  Sooy-Smith  Company,  to  take  charge  of  the  work. 

The  design  of  the  circulating  piping  and  the  whole  installation  ol 
this  plant  was  one  of  the  writer's  most  interesting  experiences.  Tbn« 
were  twenty -six  stand-pipes,  each  with  a  specially  designed  bead,  tbe 
8-in.  cap  being  a  Rpecial  casting;  also  the  connection  above  the  4-iD. 
nipple;  and  every  joint  was  soldered,  to  make  certain  that  there  wonld 
be  no  leakage.  The  li-in.  intake  pipe  was  eitended  down  to  lOirw. 
above  the  bottom  of  the  8-in.  stand-pipe,  thus  giving  ample  space  foi 
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The  refrigerating  machine  wm  etarted  on  November  19th,  1888.  In  "' 
twentj-tonr  houra  all  the  piping  above  ground  and  the  ciroolating 
pnmps  were  coated  with  frost.     Previoua  to  starting  the  freezing,  the 
writer  had  put  down  a  aj^atem  of  test  pipes  to  afford  information  as  to 
the  distance  the  freezing  had  extended  from  the  pipes. 

The  explosives  used  were  lime,  black  powder,  and  then  dynamite. 
Large  quantities  irere  thrown  out  by  each  blast,  the  frozen  material 
being  so  strong  that  the  charge  would  split  boulders  instead  of  yield- 
ing before  them. 

The  frozen  sides  of  the  shaft  were  also  very'flrm.  A  depth  of  10 
it.  was  excavated  before  any  timbering  was  put  in,  and,  at  a  depth  of 
SO  ft.  below  the  surface,  a  space  of  7  ft.  was  left  untimbared. 

The  leak  which  developed  woe  caused  by  a  boulder  on  the  rock 
ander  one  of  the  stand-pipes,  and  this  proved  to  be  a  valuable  experi- 
ence. The  temperature  of  the  water  coming  into  the  shaft  under  this 
boulder  was  +i5°  Fahrenheit. 

The  adjustment  of  the  circulating  flnid,  to  harmonize  the  tempera- 
tures in  the  twenty-eix  stand-pipes,  was  one  of  the  difficulties,  and 
vas  overcome  by  the  use  of  valves  on  the  stand-pipes.  There  was  not 
a  variation  of  0.  lo  in  the  temperature  of  any  of  the  stand-pipes.  Re- 
cording thermometers  were  used  and  gave  good  results. 
Teats  of  the  frozen  material  gave  the  following  results: 

Average  of  font  tensile  tests  =  4,^1  lbs.  per  square  inch. 

Maximum  =  491    "      "        "  " 

Average  of  eight  compression  tests  =,  576  "      "        "  " 

Maximum  ==  880   "      "        "  " 

From  August,  1888,  when  this  work  was  started,  the  writer  was 
«lone,  and  working  continuously,  night  and  day.  Mr.  Moran  came  to 
assist  on  .Tannary  14th,  1889,  and  the  work  was  finished  early  in  the 
spring  of  that  year.  It  was  the  writer's  purpose  to  have  written  a 
paper  ou  this  subject,  bnt  other  work  prevented.  He  has  a  perfect  his- 
tory of  the  work  and  a  number  of  photographs;  also  specimens  of  some 
of  the  finer  material  through  which  the  shaft  passed.  One  boulder 
weighed  more  than  17  tons. 

This  system  of  holding  flowing  material,  such  as  silt,  quicksand,  or 
any  form  of  unstable  subsoil,  is  absolutely  safe  and  reliable.  Experi- 
ence has  demonstrated  that  refrigeration  can  safely  be  stopped  for 
boors,  or  even  days,  after  the  frozen  material  bas  reached  a  consist- 
ency which  is  understood  to  be  strong  enough  to  withstand  the  required 
presanre.  In  comparison  with  the  pneumatic  process,  the  fact  that 
tbere  is  no  excessive  pressure  of  air  on  the  workmen  is  in  its  favor. 
The  temperature  at  the  bottom  of  the  shaft  at  Iron  Mountain  was 
—25°  Fahr.,  and  was  not  any  discomfort  to  the  men  when  working. 
Snob  work,  however,  must  be  looked  after  carefully  from  Htart  to 
finish,  there  being  a  law  of  compensation  in  all  things. 
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Ur.Uonm.  D.  E.  MoRA^,  M.  Am.  Soc.  C.  R— This  paper  U -ralnableutLU 
it  gives  a  resume  ot  the  literature  on  the  subject.  In  the  opinion  of 
the  speaker,  it  is  not  ao  engineeriag  paper  on  the  subject  of  the 
freezing  method;  bat  is  a  r6»vt)U  of  the  literature.  It  is  verj  modest, 
and  the  autboi  has  made  no  claims  for  it  beyond  the  fact  that  it  ie  i 
condensation  of  what  he  could  find  printed  on  the  snbject  The 
speaker  would  like  to  see  the  subject  treated  on  a  more  ambition* 
Bcale,  taking  up  the  theory,  the  practice  and  the  reanits  accomplished. 

The  entire  subject  seems  to  be  of  interest  to  every  engineer.  It 
ia  a  nev  field,  in  America  at  least,  and  the  problems  presented  ue 
interesting  and  complicated,  as  tbey  involve  thermodynamics  ind 
statics.     Civil,  mechanical  and  mining  engineers  are  all  interested. 

It  is  to  be  regretted  that  no  one  has  thought  it  worth  while  to 
investigate  the  freezing  process,  and' give  answers  to  many  of  the 
questions,  which,  so  far,  seem  to  be  unanswered.  Some  of  these 
involve  the  higher  mathematics,  and  the  speaker  has  tried  to  Bohe 
them,  but  without  success.  It  is  desirable  to  have  answers  to  certain 
qnestious  which  must  arise  wherever  this  procesa  is  to  be  used. 

The  only  work  done  by  the  freezing  method  in  America,  as  far  m 
the  speaker  is  awate,  has  been  in  charge  of  civil  engineers,  who  ve 
members  of  this  Society,  and  probably  most  of  them  live  in  New 
York.  The  author  refers  to  one  or  two  articles  written  by  membeis 
of  this  Society,  and  notes  minor  discrepancies  therein.  These  di»* 
oiepanoies  could  have  been  explained  by  any  one  of  the  four  men 
who  were  on  the  works.  In  the  oaae  of  one  tdleged  failure  which  he 
records,  the  author  took  the  trouble  to  inquire  and  write  letters  to 
ascertain  the  difficulty.  To  the  best  of  the  speaker's  knowledge  uid 
belief,  the  author  did  not  ask  any  one  of  the  fonr  members  of  this 
Society  who  knew  the  real  reasons  why  there  was  a  failure  or  a 
partial  failure  of  that  work;  but,  he  wrote  elsewhere,  and  reoeived  a 
reply  from  a  man  who  is  not  a  civil  engineer  nor  a  member  of  this 
Society,  the  result  being,  that,  while  much  of  the  information  obtained 
was  true,  it  wae  not  an  engineering  answer  to  his  question  and  it 
leaves  much  to  be  explained. 

These  oritioisms  are  made  because  this  subject  is  of  great  interest 
They  are  made  with  all  the  more  earnestness,  because,  while  the 
author  has  not  expressed  his  own  opinions  nor  recited  a  single 
experienoe,  nor  advanced  a  single  theory  of  his  own,  the  speaker 
believes  that  he  has  ideas,  understands  the  theory  of  the  subject,  snd 
has  had  some  experiences  to  record,  and  therefore  would  call  on  him 
for  his  own  ideas,  experiences -and  theories,  rather  than  the  best 
possible  rSawmi  of  printed  literature,  which  is  available  to  all. 

The  author  is  to  be  thanked  for  having  presented  this  paper, 
because  it  gives  those  who  do  not  care  to  m^e  search  a  chuioe  to 
read  an  interesting  paper  and  get  the  literature  on  the  eubject.    But 
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it  would  have  been  better  if  the  author  hod  coneidered  the  problem  Mr.  Uoraa. 
from  the  atandpoint  of  soieotiflo  engineering,  and  bad  given  some- 
thing more  than  a  record  of  failnresandenccesBeain  foreign  ooontriea, 
which  failures  or  sncceHaes  are  not  explained,  and,  as  to  which,  he 
frankly  oonfeaBeB,  some  of  the  moat  important  and  interesting  points 
«an  onlir  be  left  to  gneaswork. 

The  speaker  is  a  firm  believer  in  the  freezing  process.  The  prob- 
lems relate  to  the  condnctivitj  of  materials,  the  specific  heat  of  the 
materials  to  be  frozen,  the  ao-called  latent  heat  of  the  water  con- 
tained in  the  material,  the  rate  of  transmission  of  heat  through  mate- 
rial, and  the  effect  of  varjing  the  temperature  of  the  brine  relatively  to 
the  temperature  of  the  material  involved. 

It  has  been  stated  that  the  size  of  the  ice  machine  required  conld 
be  determined  if  the  specific  heat  of  the  material  to  be  frozen  and  the 
percentage  of  water  contained  in  that  material  were  known;  but  some- 
thing must  be  added,  because  an  ice  machine  has  to  do  something 
beyond  the  zone  of  freezing.  This  represents  a  loss,  and  is  one  of  the 
interesting  questions  to  be  settled  before  any  calculation  can  be  made 
as  to  the  exact  number  of  refrigerating  units.  These  are  only  a  few 
of  the  interesting  questions  of  theory.  There  are  also  interesting 
questions  of  detail.  One  was  touched  upon  in  the  paper,  and  related 
to  the  mpttire  of  the  pipes.  At  Iron  Mountain,  as  described  by  Mr. 
Thomas,  10-in.  pipes  were  sunk  to  the  rock  aa  pilot  pipes,  and  8-in. 
pipes,  sealed  at  the  bottom,  were  then  inserted  inside  of  the  pilot 
pipes.  The  exterior  10-in.  pipes  were  then  withdrawn,  leaving  the 
S-in.  pipes  in  contact  with  the  soil.  The  circnlating  pipe  was  then 
put  inside  the  8-iu.  pipe.  Theru  wae  no  trouble  with  any  of  these 
pipes.  At  Wyoming  the  same  process  was  followed,  up  to  a  certain 
pobt.  The  10-in.  pilot  pipes  were  driven  and  smaller  8-in.  pipes 
were  placed  inside  of  them,  and  then  an  attempt  was  made  to  with- 
draw the  exterior  pipe.  In  a  number  of  cases  it  failed  to  come  out, 
and  Ro  the  circulating  pipe  was  put  in  and  the  ice-machine  started, 
leaving  a  steel  pipe  outside  of  the  freezing  pipe.  Thus  an  annular 
apace  full  of  water  was  left  between  the  two  pipes.  The  first  effect  of 
the  freezing  was  to  freeze  a  thin  film  of  ice  on  the  exterior  of  the  inner 
pipe.  The  inner  pipe  had  sleeve  coupljiiga;  the  exterior  pipe  was 
flush  at  the  joints,  both  inaide  and  onlside.  The  oondnctivity  through 
the  sleeve  couplings  waa  the  same  as  the  oondnctivity  through  the 
pipe  and  the  thickness  of  Ice  was  the  same.  The  result  was  that  the 
frazen  wall  of  water  extending  out  from  the  inner  pipe  first  met  the 
exterior  pipe  opposite  these  sleeve  couplings,  which  were  20  ft. 
apart.  The  interesting  exfieriment  was  thus  bad  of  a  certain  qnantity 
o!  water  freezing  in  a  confined  space.  There  were  an  interior  and  an 
eiterier  cylinder,  and  an  annular  space  filled  with  the  confined  water. 
ia  soon  as  the  water  commenced  to  freeze  it  expanded.    It  might  have 
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Kr.  UortD.  been  expected  that  the  ezpaoBion  would  burst  the  exterior  ojlinder; 
instead  of  that,  it  sheared  the  8-in.  pipe  under  the  conpling  so  that 
when  the  pipe  was  withdrawn,  long  afterward,  it  came  np  in  pieces, 
and  it  was  seen  that  the  thread  had  been  sheared.  It  was  a  case  of 
shear,  not  acase  of  tension;  and  the  explanation  is  very  simple. 

That  brings  np  another  practical  qneation  relating  to  the  ground 
pipes  and  the  whole  ejstom.  What  becomes  of  the  water?  A  case  is 
mentioned  in  the  paper  where  it  was  expected  that  this  same  experi- 
ment would  be  repeated,  but  on  a  larger  scale,  bj  freezing  so  as  to 
confine  the  water.  When  the  water  freezes,  what  will  happen?  The 
speaker  thinks  there  is  nothing  to  be  apprehended  on  that  score. 
There  might  be  a  alight  relative  motion  of  the  pipes  in  the  ground, 
bat  as  a  block  uf  ice  under  pressure  in  a  glacier  or  elsewhere  can  be 
broken  and  will  ;et  freeze  again  nnder  pressure  and  at  a  suitable  tem- 
perature, so  the  speaker  belicTes  a  similar  action  wonld  have  taken 
place  here,  and  therefore  no  trouble  need  have  been  apprehended  from 
that  source.  If  the  rupture  occurred,  it  conld  heal  itself.  That  is 
one  of  the  beauties  of  the  freezing  process. 

The  Wiroming  shaft  was  finished  by  the  pnenmatic  process.  The 
story  is  told  of  an  old  professor  who,  when  an  experiment  failed,  said: 
"Gentlemen,  this  experiment  has  not  failed.  No  experiment  can 
taiL"  In  that  sense,  the  experiment  at  Wjoming  did  not  faiL  The 
material  was  frozen.  The  work  was  done  hj  Mr.  Soojsmith,  and  the 
speaker  was  there  oocasionallj,  but  had  nothing  to  do  with  oarrjing 
out  the  work  or  designing  it,  anj  more  than  he  had  at  Iron  Mountain, 
because  he  onlj  weut  to  the  last-named  work  as  assistant  to  Hr. 
Thomas;  while,  at  Wyoming,  he  had  no  position  except  that  of  an 
observer.  He  can  say  that  the  Wjoming  experiment  taught  him  a 
great  deal  about  the  freezing  process,  including  that  little  point  abont 
the  pipes. 

Tlie  freezing  process  has  its  limitations,  as  has  every  other  system. 
That  the  ground  was  frozen,  was  proven  when  the  pneumatic  caisson 
was  sunk,  mouths  afterward,  because  it  was  then  necessary  to  go 
through  the  frozen  ground.  The  speaker  does  not  wish  to  describe 
the  rarions  things  that  happened  at  that  Wyoming  shaft.  If  Hr. 
Sooysmith  hod  given  it  his  personal  attention,  the  spieaher  is  snre 
that  many  things  that  did  happen  would  not  have  happiened.  A 
freezing  job  is  much  like  an  experiment  in  a  physical  laboratory,  in 
that  it  has  to  do  with  things  that  the  ordinary  superintendent  does 
not  understand.  It  is  an  engineering  problem  and  a  laboratoiy  ex- 
periment on  a  large  scale,  and  ought  to  be  thus  treated.  In  an  article* 
on  the  Iron  Mountain  shaft,  written  by  the  speaker,  from  which  some 
of  the  illnstrations  in  the  paper  are  reproduced,  there  is  a  calculation 
of  the  amount  of  freezing  effect  reiuired  to  freeze  the  sand.    In 
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speaking  of  freezing  the  sand,  what  ia  meant  is  the  reduction  of  the  Mr.  Uorao. 

temperature  of  the  sand,  and  the  amonnt  of  fieezing  effect  required 

to  freeze  the  water  in  the  sand.     At  Iron  Mountain  the  peieentage  of 

water  was  very  low,  only  17  per  cent.     The  speaker  was  enrpriBed  to 

find  how  much  of  the  freezing  effect  was  required  to  freeze  the  water 

and  how  little  was  required  to  reduce  the  temperature  of  the  Band' 

but  the  proportions  are  not  remembered.     A  very  small  fraction  of  the 

total  effect  is  required  to  reduce  the  temperature  of  the  sand  and 

water.     Where  there  is  rock  the  conditions  are  reversed,  because  there 

is  a  very  small  percentage  of  water  in  rock,  and,  therefore,  it  can  be 

frozen  very  quickly,  as  baa  been  shown  to  be  the  case  in  every  freezing 

job.     It  was  shown  at  Iron  Mountain,  where  the  pipes  went  down 

through  a  nest  of  bonlders  and  the  freezing  effect  bad  extended  to  a 

mnch  greater  distance  from  the  pipes  than  in  sand  containing  only 

17%  of  water.     Most  of  the  experiments  mentioned  in  the  paper  have 

been   with  inadeq^uate  ice  machines.     The  modem  ice   machine  is 

capable,  if  so  desired,  of  giving  a  temperature  of  40  or  60°  below  zero, 

and  therefore  gives  very  much  greater  results.     It  was  stated  in  the 

paper  that  the  pipes  should  be  i  ft.   apart.     One  question  which  it 

would  be  desirable  to  consider  is  the  basis  on  which  the  lay-ont  of  the 

pipes  mnst  be  designed  with  different  degrees  of  temperature  in  the 

ice  machine.     At  lion  Mountain,   the    temperatures  were  so  little 

below  freezing  point  that  on  many  days  but  little  progress  waa  made. 

It  has  been  suggested  that  all  ought  to  be  interested  in  this  ques- 
tion because  practically  all  who  have  bad  any  outside  work  know  how 
much  more  expensive  it  is  to  excavate  material  in  freezing  than  in 
warm  weather.  If,  when  a  difficulty  is  met,  that  difficulty  can  be 
turned  around  and  made  to  help  the  neit  time,  the  result  is  a  success. 
That  is  what  is  to  be  done,  some  time,  with  freezing.  It  is  to  be 
made  to  help.  It  is  expensive  to  excavate  frozen  material  when  frozen 
material  is  not  wanted,  but  when  it  is  desired  to  change  a  soft,  wet, 
flowing  material  into  something  that  is  as  hard  as  sandstone,  a  freez- 
ing machine  shonld  be  used  to  pat  the  material  into  the  desired  con- 
dition. 

£.  L,  Abbott,  Assoo.  Am.  Soo.  C.  E.— The  speaker  has  examined  Hr.  Abbott, 
the  literature  on  the  freezing  process  as  applied  to  shaft  work,  and 
has  studied  its  proposed  application  to  tunneling  in  wet  ground. 
The  records  of  shaft  work  are  not  as  complete  as  could  be  desired. 
Although  information  about  the  performance  of  refrigerating  ma- 
chinery is  well  known  or  may  be  easily  obtained  by  test,  exact  data 
are  required  as  to  what  happens  below  the  ground  line,  in  reference 
to  the  conductivity  of  ice  and  soils,  and  to  what  extent  their  conduc- 
tivity is  increased  by  a  reduction  of  temperature. 

The  results  of  laboratory  tests  on  the  conductivity  of  ice,  as  made 
by  different  physicists,  vary  greatly,  and  can  be  reconciled  only  by 
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Mr.  Abbott,  the  BUppoaition  that  the;  were  made  at  different  temperatures  or 
under  some  other  tmknown  oonditions,  which  would  indicate  that  the 
law  of  ite  oondnctivil  J  is  not  well  kDown. 

While  much  practical  information  has  been  obtained  at  Tarions 
shaft  works,  it  can  onlj  be  applied  properlj  at  other  places  when  the 
conditions  are  similar,  and  where  thej  are  not  similar  it  is  nsaal  to 
provide  a  liberal  eicess  of  refrigerating  power  to  cover  any  nnforeaeen 
demand.  The  coat  of  refrigeration  itself  is  generally  but  a  small  pro- 
portion of  the  total  cost  of^the  work. 

Thanks  are  dne  the  author  for  his  compilation  of  many  data 
which  will  aseist  in  further  inveetigations,  and  it  ia  ho[>ed  that  all  who 
have  opportunity  (or  obtaining  exact  information  on  the  subject  will 
place  it  on  record. 
»r.  Thoroaon.  T.  Ebnnabd  Ihouson,  M.  Am.  Soo.  C.  E. — The  author  refera  to 
the  Harlem  Speedway  without  giving  any  American  references.  The 
following  is  given  for  the  sake  of  completing  the  record.  Messrs. 
Steward  and  McDennott  were  the  contractorB  for  this  work,  and  Mr. 
McDermott  states  that,  after  SS  ODD  had  been  expended  for  labor,  in 
attempting  to  hold  the  water  back  by  freezing,  they  were  obliged  to 
abandon  this  process  as  a  failure  for  that  particnlar  locality.  The 
Mr.  Steward  of  this  firm  wae  the  late  Herbert  Steward,  Assoc.  Am. 
Soo.  C,  E.,  and  Mr.  McDermott  is  Mr.  Charles  McDermott,  now  of  the 
firm  of  MoMnllen  and  McDermott.  He  is  now  in  Washington,  D.  C, 
and  no  doubt  would  be  glad  to  give  further  information  if  desired. 

It  would  seem  to  the  speaker  that  the  freezing  proceEs  should  only 
be  attempted  where  the  depths  are  too  great  for  the  use  of  compressed 
air,  that  is,  where  the  water  is  more  than  1(0  ft.  deep,  as  the  com- 
pressed-air method  is  cheaper,  quicker  and  more  reliable. 

The  author  states  that  the  freezing  process  has  been  proposed  t<a 
the  Pennsylvania  Railroad's  Hudson  Eiver  tunnel.  There  the  material 
to  be  penetrated  is  the  finest  kind  of  silt.  If  the  freezing  process 
were  used  for  this  work  the  tunnel  lining,  of  course,  would  have  to  he 
placed  against  the  frozen  material,  and  when  thia  material  subae- 
quently  thawed  out  it  would  leave  the  tnnnel  floating  practically  in  a 
jacket  of  water.  The  author  refers  to  a  case  where  soil  water  contain- 
ing 3%  of  salt  was  frozen  by  doubling  the  capacity  of  the  freezing 
apparatus,  and,  on  the  other  band,  states  that  someone  in  the  South 
has  made  an  unsuccessful  attempt  to  freeze  a  ealt  mine.  It  is  an  open 
question  as  to  whether  the  Hudson  Biver  silt  does  not  contain  too 
much  salt  water  to  freeze  readily. 

In  most  cases  quoted  by  the  author  it  is  stated  that  it  was  not 
considered  safe  to  blast,  and  that  the  frozen  material  was  chopped 
out  with  chisels,  picks,  etc.  Frozen  earth  is  the  most  difficult 
material  the  speaker  has  ever  seen  excavated.  In  removing  the 
remains  of  an  old  Bocky  Mountain  snow  slide  on  the  Canadian  Faoifle 
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Bailroad,  blaating  made  almoet  no  impreaeiou,  as  each  blast  simpl;  Mr.  TbomBon, 
blew  out  a  small  hole. 

It  is  to  be  hoped  that  the  gentleman  who  controls  the  American 
patent  rights  of  the  Poetsch  system  will  explain  why  eo  many  of  the 
attempts  in  this  conntry  hare  been  failnres,  for  failaies  often  teach 
more  than  saeoesses. 

Wbbnbb  Bobokun,  Assoc.  U.  Am.  Soc.  C.  £. — Through  the  oour-  Jtr.  Boeckiin. 
tesj  of  the  York  Manufactnring  Companj,  builders  of  refrigerating 
machinery,  the  speaker  ia  able  to  preseut  to  the  Society  data,  in  the 
form  of  a  proposal  made  to  him,  with  a  specification,  covering  a  plant 
suitable  for  excavating  purposes. 

The  specification,  including  the  principal  items,  follows: 

One  27  H.-P.  steam  engine  of  the  borizontal  type,  with  a  13^  x  12- 
in.  cylinder,  direct -connected  to  two  gas  pumps  of  vertical,  single- 
acting  type,  with  9  x  12-in.  cylinders.  This  machine  is  guaranteed 
to  give  a  dnty  equal  to  the  melting  of  20  tons  of  ice  in  24  hours. 

One  ammonia  condenser,  of  the  atmospheric  type,  consisting  of 
two  coils  of  Ij-in.  ammonia  pipe,  each  coil  to  be  about  twenty-four 
pipes  high  and  about  20  ft.  long. 

One  ammonia  receiver  and  an  oil  separator,  the  former  being  an 
air'tight  tank  to  receive  the  ammonia  as  it  is  condensed. 

One  brine  cooler,  of  double-pipe  style,  one  pipe  inside  the  other, 
consisting  of  two  coils  of  2- in.  and  3-in.  pipe. 

One  briue  tank  of  sufficient  capacity  to  hold  abont  one-third  of  the 
total  quantity  of  brine  in  circulation. 

One  brine  pump  large  enough  to  force  the  brine  through  the  sys- 

One  50  H.-P.  horizontal  tubular  boiler,  with  a  60-ft.  smoke  stack 
26  ins.  in  diameter. 

One  feed-water  pump,  3x2x3  ins. 

One  feed-water  heater  of  50  H.-F.  capacity. 

The  proposal  includes  all  necessary  piping  and  fittings,  twenty- 
one  freezing  tubes,  8  ins.  in  diameter  and  103  ft.'long,  with  IJ-in. 
circulating  pi[»eB  and  circulating  and  collector  rings,  a  sufficient 
quantity  of  ammonia  to  charge  the  system  and  a  eu£Bcient  quantity  of 
chloride  of  calcium  to  make  the  needed  brine  of  proper  density. 

The  coat  of  the  machinery  and  acceasories,  furnished  and  erected, 
exclusive  of  the  placing  of  freezing  pipes,  will  approximate  S9  260. 
This  figure  will  not  be  more  than  5%  out  of  the  way. 

The  foundations  foe  the  engine  and  compressors,  the  boiler  setting 
and  the  structure  for  honsing  the  machinery,  are  items  not  included 
in  the  foregoing  price. 
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INSTITUTED    185!. 


PAPERS  AND  DISCUSSIONS. 


THEORY    OF    THE    SPHERICAL    DOME  WITH  A 

HOMOGENEOUS   SURFACE,    AND  OF  THE 

FRAMED  DOME;  ALSO  NOTES  ON  THE 

CONSTRUCTION    OP    MASONRY 

AND    METAL     DOMES. 

Discussion.* 

By  Mesera.  H.  E.  Wadswobth  and  K  Schutt. 


Mr.  Wads-  H,  H.  'WADSwoBrH,  M.  Am.  800.  C.  E,  {by  letter).— In  attempting 
"^  to  follow  the  Teaaoniog  Bnd  develop  tbe  author's  furmiUaa  in  that  put 

of  tbe  paper  relating  to  the  spherical  dome  vith  a  homogeneona  rat- 
face, the  writer,  being  unable  to  check  some  of  the  eiprenBiona  there 
given,  or  even  accept  some  of  the  hypotheBee  npon  whicb  they  are 
based,  has  worked  out  the  problem  in  a  somewhat  different  maimer, 
and  presents  the  results  in  the  hope  that  they  will,  at  least,  bring  out 
further  discussion. 

Tbe  author's  Equations  1  to  6,  relating  to  the  surface  properties  of 
a  sphere,  are  correct  and  fundamental,  though  tbe  reason  for  tbe 
development  of  Equation  6  is  not  apparent,  as  it  merely  expresseatbe 
condition  previously  assumed,  t.  e. ,  the  weight  of  each  sqaais  Quit  of 
the  surface  =  p. 

Let  Fig.  42  represent  a  vertical  section  through  the  siis  of  * 
hemisphere,  cut  in  two  by  a  pltiue  parallel  with  the  eqnalor  at  a 

ngi.   See  Decembi 
I.  Am.  80c.  C.  E. 
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beight,  k,  above  it. 
Then  the  weight  of 
th©  portion  of  the 
hemispheto  above  the 
cntting  plane  ieiit  R 
ap,  and  of  the  portion 
below  that  plane  it  ia 
2xJihp. 

Consider,  now  only, 
the  Hphericsl  sector  in- 
olnded  between  merid- 
ians at  a  distance  apart  of  unitj  at  their  intersection  with  the  cutting 
plane,  and  the  weights  of  the  respective  portions  will  be: 
in  Rap_^  Bap        ,2«Rhp       Rhp 
2xr  r    '  2  3ir     ~      r       ' 

Before  oonsidering  the  Beotor  of  the  whole  hemisphere,  take  the 
upper  portion  onl;.     The  forces  acting  at  the  base  of  this  ore:  The 


reaction  of  the  support  = 

the  weight  =  -    "  ^,    the 

meridional 

gemtial  thrust.  A,  and  a  horizontal  force,  ff. 

From  simila 

triangles 

A:^^R:r.- 

or,                   A 
the  value  of  J, 

R'ap      R^(R-h)p        R'p 
r*               R'  —  h*           R  +  k' 
as  determined  by  the  author. 

Similarl?, 

n,:?^^h:r: 

_  Raph  _  R{K  —  h)  kp 
,  HiT  ^  B^  =  the  ring  stress  at  this  point  (se 

R{R  —  h)hp 


Equation  1);  therefore. 


Bi  = 


VR^ 


In  Fig.  43  the  abecissoB  to  the  carve  marked  i 


In  this  equation,  when  h  ^  R,  or  when  &  ^  0,  £,  =  0.  Equating 
the  first  derivative  of  this  expression  to  zero  gives, the  value  of  h, 
which  makes  B,,  maximum,  A,  =  0.618  J?,  and,  for  this  value  of  h, 
B,  =  0.8  R^p. 

RiR  —  h)kp 
VR'^Th* 

are  the  ring  streesee  Itension)  at  bases  of  domes  in  terms  of  R?  p,  for 
values  of  h  (the  height  of  the  base  above  the  equator)  as  ordinates. 

Beferring  again  to  Fig.  42,  and  remembering  that,  since  the  ring 
stress  at  the  equator  is  zero,  as  just  determined,  there  will  be  no 
tendency  for  the  dome  to  spread  at  this  point,  there  will  be,  acting  on 
the  lower  portion  of  the  sector  of  the  dome,  the  tangential  meridional 
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the  weight   of    the  lower    portioo,    itself  = 


- — — ,  acting  at  the  center  of  gravity  of  the  arc,  ef,  and  the  force,  H, 
acting  in  the  cutting  plane. 

To  maintain  equilibriam,  the  algebraic  sum  of  the  momenta  of 
these  forces  mtiBt  be  zero. 


/^       ytff  ^/    ,.115,:!  .1:1 


r — 

-ps' 

/ ^  ^ ^li  SR  "fc: 

FlO.  13 

Taking  aa  the  point  of  moments  the  eqnatorial  base  of  the  sector: 
Hh- 


Rhpn 
_Rpm 


iPp  b_ 

~  B+  k 
F?pb 


AR  +  h]h  ■ 
Galling  the  ring  stress  at  this  point,  B,  then 

From  Fig.  42  it  is  readily  seen,  or  easily  demonstrated,  tbat  i 

=^  R ^  B^ A*-     "*  may  be  determined  by  an  application  of  tbe 

theorem  that  the  area  of  a  snrface  of  revolution  ie  eqnal  to  the  length 
of  the  generating  curve  multiplied  by  the  distance  deeoribed  by  the 
center  of  gravity  of  the  curve. 

In  this  case,  the  length  of  the  arc  ^  R  aln.       —„-  ,   and  the  ii*" 

tance  traveled  by  the  center  of  gravity  is  2  a  {2t  —  m).  The  are*  '^ 
the  zone  has  been  found  to  be  2  x  Rh; 


therefore. 


2n-(iJ  — ra)*9i 


=  2i«A 
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TheD,  in  the  equation,  B  =  R p  tn  —  7^      ,.  = 

(«  +  ft)  A 

ft 

anbBtitnte  for  m,  ita  value,  B  —         - '   A  ; 
Bin.      -^ 

Bnbetiinte  for  b,  its  value,  H —  \^ R*  —  A'! 

and    Bnbstitnte  for  r,  its  v&lne,  -^  R' A'  I 

and  the  reenlt  is 

a  =  ji  p  f B  _ -r^^  -  i?  pfsyi;^!!  _ 
V     ■""■   sJ .       L  i*  +  »i* 

The  cnrre  repteBented  by  thiB  formnla  is  also  sbowi 
the  ring  etress  at  auj  parallel,  a  height,  ft,  above  the  eqtif 
\)j  the  abacissa  to  tlie  carre  at  that  point. 

It  will  be  noticed  that  this  carve  oroases  the  zero  line 
a  height  above  the  eqnator  of  ft  =:  0.842  J?,  instead  of  al 
0.618  R,  as  determined  hj  the  author;  and  it  will  be  n 
that  this  latter  height,  as  already  pointed  out,  is  the  poi 
base  of  a  dome,  less  than  hemlBphericat,  which  gives  th 
base  ring  stress. 

The  cnrve  of  ring  stresseB  in  hemiBpherical  domes  shoi 
mum  tension  to  be  at  A  ^  0.6  if,  approximately,  and  that 
at  this  point  is  0.11  IP  p. 

For  a  practical  application  to  a  masonry  dome,  let  t 
ness  of  the  masonry,  in  feet,  also  the  nnit  of  surface  mew 

Lot  ut  =  the  weight  of  the  masonry  per  cubic  foot; 
then  J)  ^  to  *\ 

Let  R^  ^  the  radias  of  the  dome,  in  feet  (R  beinf 
expressed  in  the  units  of  which  p  was  the  weight  of  a  1 

than  ^  =  ^-  ■ 

Then,  in  the  expression,  0.11  £*  p,  substitnte  for  . 
valnea  just  fonnd,  and  the  result  is 

If  the  tensile  strength  of  the  stone  be  K  pounds  per  1 

or  144  K  pounds  per  square  toot,  the  strength  of  a  ri 

width  and  thickness  of  t  will  be  144  Kf; 

then  0.11  i?,  to  (  =  144  Kf. 

B  1  ■      .       zr     ■  „      0.11  i?,  w 

Solving  for  K,  gives  K  =  — jj— — -  . 

According  to  Table  No.  3,  the  dimensions  of  the  dome 

Sophia  Cathedral  at  Constantinople  are  .Si  =  —^  =  57.6 
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r- j,  aeBnming  that  the  ttickseu 
Taries  uniformly  from  2  ft.  at  the  top  to  2}  ft.  at  the  base; 

ifn  /r_t"_^J-^«^iU??  =  ie2ib..p.,K™. 

iDch,  tension  in  the  masonry  ring.     (The  weight  of  the  stone  per  cubic 
foot  is  assumed  at  160  lbs.  =  u.) 

Of  coTirse,  the  fact  that  this  dome  is  bnilt  with  a  varying  thickoesa 
from  base  to  top,  and  that  it  is  buttressed,  renders  theformabsherein 
derived  not  exactly  applicable;  but  it  would  seem  that  the  builder  did 
not  depart  widely  from  good  practice,  as  far  as  the  strength  of  the 
stone  itself  is  concerned. 

Further,  the  tact  that,  at  the  base,  the  ring  stress  is  zero,  mAkes 
the  openings,  of  which  the  author  states  there  are  forty,  nnoV 
j  actionable. 
Mr.  Sehmiti.  E.  ScHuiTT,  Assoc.  M.  Am.  8oo.  C.  E.  (by  letter).— Attention  is 
called  to  the  fact  that  Bankine,  Schwedler  and  Br.  Robison  are  men- 
tioned in  the  paper  as  those  who  solved  the  problem  of  the  streBBeain 
aepherieal  dome  "  a  long  time  »go." 

As  to  the  use  of  trigonometrical  functions  in  practical  working 
formulas,  the  writer  will  give  two  eiamples: 

1. — The  ring  stress  in  a  hemispherical  dome,  at  any  altitude,  is: 
By  Schwedler:    B  =  pR  (    —  ""«- tt  — cos.    a\ 

In  the  paper:  B=—  ^"X^P  +  J'* {'5) 

Wherein  a  =  the  angle  from  the  vertex,  and  h  =  the  elevation  of  the 
joint  in  question  above  the  equator. 

2. — The  thrust,  by  a  single  load,  on  a  two-hinged  circular  arch,  i< 
given  in  the  following  forms:* 
By  Winkler: 
H=W 

8in.»a ~Mn. V  +  2 cos.<r  (cos.  ^- cos.  a) -  2co6.  a(asiu.tt-,?ain.ffl. 
2  [a  — asin.  acoa-ir  -|-2acos.'aJ 

Yi  RJl  —a)  —  2A(c  —  c,  )a  — A  /  e,  +  2Shd 
■iR'  c  +  ih'c-  3hRl 


By  Engesser : 


leBiDgle  load; 
le  ao^lar  measure  ot  bait 
le  aoEular  measure  of  the  I 
8  formula  (oriKiD  Id  one  ol 


of  the  load  point: 
learth  or  the  arc; 
h  of  the  arc.  from 


e  orlglD  to  the  load  point. 
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Professor  Church  has  called  attention  to  the  following  paragraph  Ur.  Scfamitt. 
in  relation  to  Case  II,  on  page  1104:* 

il'UB,  the  resisting  or  balancing  force,  as  it  were,  is  osaamed  to  be 
reckoned  pet  unit  length  of  ctrcumfcrenoe,  &nd  for  one  unit  of  length 
along  the  meridian,"  etc. 

When  writing  this  "  conclusion  "  the  writer  had  in  mind  the  oo- 
related  behavior  of  the  shearing  stresses  on  the  fonr  faces  of  an  ele- 
ment, considered  free,  and  which  are  all,  and  are  always,  of  the  same 
intensity  per  unit  of  area. 

This  theorem  is  demonstrated  in  all  Landbooks  on  applied  me- 
chanicB,  and  the  writer  sees  no  reason  whj,  in  this  instance,  it  should 
fail  to  work. 

All  who  are  interested  are  referred  to  Protessor  Church's  "Mechanics 
of  Engineering, "t  where,  under  "Shearing  StreaBee,"  will  be  found  the 
theorem  as  stated  above. 

Now.  in  this  case,  the  "  element ''  is  a  spherical  square,  situated  at 
the  baee  of  the  dome,  and  ot  which  each  side  mea&uree  one  unit  of 

If,  now,  the  shearing  stresses,  along  the  meridional  sides  of  this 
element,  are  oansed  hj  the  thrust,  A  (acting  per  unit  of  length  of  the 
circumference),  is  it  true,  or  untrue,  that  the  ring  stress,  B,  per  unit 
of  length  along  the  meridian,  is  of  the  same  intensity  aa  the  stress,  A, 
the  unit  ot  area  being  common  to  both  ? 

If  this  reasoning  is  "looae  and  eltisive,"  Professor  Church  may, 
possibly,  remove  some  of  the  obscnrity  as  to  the  meaning  and 
applicability  of  this  theorem,  as  the  qnalifications  as  to  clearness 
would  attach  thereto,  if  it  cannot  be  made  use  of,  in  this  case.  also. 

The  following  theorem  is  submitted  in  proof  of  the  statement  that, 
at  the  base  of  any  dome,  the  tenaile  ring  stresses,  and  also  the  shear" 
ing  stresses,  are  all  of  the  same  intensity,  and  equal  to  the  known 
meridional  compressive  thrust,  A. 

Theorem. — When,  upon  two  opposite  sides  of  a  rectangular  element 
(whereof  each  side  measures  one  unit  of  length),  there  acts  an  "ap. 
plied"  compressive  force,  of  a  magnitude  =3^,  and  "induces"  upon 
the  other  two  sides  a  tensile  stress,  B,  then  this 
induced  Htreas  is  of  the  same  magnitude  as  the 
applied  force.  The  shearing  stresses  along  the 
four  sides  of  this  element  must  also  be  of  the 
same  intensity. 

In  Fig.  44,  considering  eqailibrinm  i 
diagonal  direction,  the  resultants  of  the  c 
pressive  and  tensile  stresses  (of  two  adjacent 
sidee),  must  pass  through  opposite  corners  of 
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t.  the  element,  and  have  an  inclination  of  46^  to  aaj  of  the  sides,  for,  if 
this  sboold  not  take  place,  the  shearing  strMS  components  of  the 
resultants  wonld  not  be  of  equal  magnitade,  which,  however,  ^or 
equilibrium,  they  must  be.  It  also  follows  that  all  the  stresses  have 
the  same  intensitj. 

As  to  the  stresses  in  spherical  and  conical  domes,  given  in  the 
second  part  of  the  paper,  and  there  derived  from  the  general  case  of 
the  pjramoidal  dome,  it  will  be  necessarj  to  prove  that  the  formulas 
for  this  general  case  are  defective,  before  making  exceptions  as  to  the 
results  obtained  from  them  for  conical  domes. 

Professor  Church  finds,  for  the  compressive  ring  stress,  "at  aoj 
altitude,"  in  a  conical  dome: 

^  =  '^P (71a) 

This  is  wrong.  This  expression  represents  simply  the  compressive 
ring  stress  at  the  top  of  a  truncated  dome.  The  writer  wonld  suggest 
that,  in  this  case,  the  tensile  ring  stress  at  the  base  of  a  given  cone  be 
found  first,  and  then  the  compressive  ring  stress  at  the  top  of  a 
truncated  cone,  both  in  reference  to  a  common  radius,  and  then  add  the 
results. 

Professor  Church  finds  the  ring  stress  in  all  conical  domes,  whether 
complete,  truncated,  with  or  without  a  lantern  load,  and  at  any  angle 
of  inclination,  to  be  always  a  circumferential  compressive  stress,  and 
equal  to 

s  =  +  ^p ma) 

Assuming  a  self-contained  conical  dome,  standing  upon  an  open- 
jointed,  circular,  stone  base  (see  Fig. 
46),  the  question  arises:  What  must  A 

be  the  magnitude  of  the  tensional  /   \ 

resistance  in   the  bottom  course  of  /    I     \ 

this  cone?     There  is  no  doubt  that  /      '^      \  s 

this  stress  is  a  tensile  one;  otherwise,  _jU-r i  \ 

the  dome  would  spread,  and  wonld  /  i  \ 

not  be  self-contained.     The  next  qnee-  /  i  \    , 

tion  is:  What  indaces  this  tensional        ^r^  y^ 

stress?   Is  it  the  inclined  reaction.  A,    ^  /  \  ^ 

or  is  it  due  to  some  other  applied   " '  *''°-  * 

force,  and  what  is  that  force?  If  A,  as  the  writer  claims,  is  this  force, 
and  induces  tension,  then  the  ring  stress,  B,  will  increase  as  A 
iucreftses,  say,  for  instance,  through  the  action  of  a  lantern  load. 

Continuing,  Professor  Church  writes: 

"But,  at  90°,  the  cone  becomes  a  cylinder,  of  infinite  height,  in 
which  case,  of  course,  there  is  no  hoop  stress  ot  either  kind  in  the 
horizontal  course;  but,  from  Equation  71,  this  hoop  stress,  for  an 
angle  of  90°,  wonld  be  tensile,  and  infinite  in  value." 
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This  oan  be  admitted  m  the  most  likely  thing  to  occur,  since  the  H 
value  of  A  also  becomes  inflnite.  Not  much  of  the  cone  wonld  remain 
in  that  instance,  at  least  not  mnch  of  the  bottom  oonrse.  But, 
BBsuming,  also,  with  Professor  Church,  that  a  truncated  cone,  just  one 
unit  of  meaaure  in  height,  and  with  an  incliBation  of  90^,  is  to  be  dealt 
with,  then,  evident) j, 

B  =  +r'p (85) 

That  is,  this  cjliuder  is  subjected  to  a  compressive  ring  stress, 
increasing  with  the  square  of  its  radius.  This  result,  therefore,  would 
seem  to  be  manifestly  erroneous,  aa  far  as  Professor  Church  is  con- 
cerned, because,  as  he  writes,  there  are  no  ring  streeaes  in  cylindem 
standing  on  end.  Yet  this  contradictory  result  is  obtained  by  follow- 
ing ProfesHor  Church's  reasoning,  and  by  the  use  of  the  formula 
establinhed  by  him. 

Professor  Church  seems  to  be  given  somewhat  to  hair-splitting, 
when  he  objects  to  having  apparently  combined  the  action  of  stresses 
not  located  in  the  same  parallel  of  altitude,  but  instead  just  above 
and  just  below  the  same,  respectively,  and  as  was  done  in  the  paper 
in  the  case  of  the  ring  stresses  at  any  altitude  in  a  spherical  dome, 
under  Case  III.  With  a  little  imagination  it  is  to  be  perceived  that 
when  it  is  wished  to  discover  the  combined  action  of  these  stresses  for 
a  mere  point,  then  the  courses  in  which  these  stresses  take  place,  and 
are  to  be  combined,  coincide,  that  is,  overlap  one  another. 

Professor  Church  cites  Bonkiue's  "  Applied  Mechanics"  in  corrob- 
oration of  the  correctness  of  the  results  obtained  by  him  for  conical 
domes. 

Referring  to  Equation  15  for  the  ring  stress  at  any  altitude  in  a 
spherical  dome,  namely: 

''  =  -«T4^+'" W 

and  applying  the  same  to  the  parallel  of  altitude,  A  =  0.61S  R,  that  is, 
at  the  joint  of  rupture,  then  the  ring  stress,  B,  is  found  to  be  =  0. 
However,  Bankine*wriles: 

"  The  angle  of  rupture,  for  which  p^  =^  {B)  =  0,  is 

■..7O0O..V5_Z:i  =  510  49.; (6, 

and  from  this  angle  we  obtain,  for  the  horizontal  thrust  of  the  dome, 
per  unit  of  periphery  at  the  joint  of  rupture, 

p,  =  0M2pr:  1 

and  tor  the  tension  on  a  hoop  to  resist  that  thrust,  } (7)" 

/,  =  0.3pr".  [  ' 

The  writer  believes  that  Professor  Bankiue  is  here  in  error. 
As  mentioned,  there  is  no  ring  stress  at  the  (misnamed)  joint  of 
rupture;  consequently  no  hoop  is  needed  there.     The  compressive 
effect  of  the  (overhanging)  top  course  of  the  lower  part,  offsets,  by  an 

■  "A  UBDual  of  Applied  HechanlcB,"  p.  HOT. 


b,GoogIc 


314  iftBOUSBION  ON  SPHBBICAL  ADD  FBAHBD  DOVES.     [Pap«n. 

r.  sdunitt.  equal  amoant,  the  tensile,  spreading,  efFeot  produced  in  the  bottom 
conrae  of  the  npper  part. 

The  taets  in  the  case  are  these:  If  the  dome  extended  from  the 
crown  no  further  than  to  the  joint  of  rnptnre,  and  were  to  form  a 
self-contained  shell,  then  a  hoop  wonld  be  needed  around  the  base,  to 
acoompliah  this  end.  The  hoop  would  have  to  resist  a  tensile  atress 
olB  =  0.618  Rp,  and  not,  aa  Rankine  has  it,  ot  0.3  IP  p. 

If,  however,  the  dome  is  a  complete  half  sphere,  and,  also,  ie 
assumed  to  be  a  self-contained  shell,  then  the  lower  part  (below  the 
joint  of  rupture)  must  be  designed  so  as  to  conform  in  strength  to  the 
requirements  of  Equation  15,  or  be  reinforced  bj  hoops. 

If  the  tension  zone  (the  lower  part)  of  the  dome  ia  now  ooostmcted 
as  stated,  it  will  resist  effectivelj  all  the  meridional  downward  preea- 
urea  brought  to  bear  upon  it  from  above,  and  this  without  the 
assistance  of  a  hoop  at  the  joint  of  rupture. 

Having  thus  shown  that  Bankine  has  evidently  made  a  etatemect, 
relative  to  the  stresses  in  spherical  domes,  not  borne  out  by  the  facts, 
it  is  possible,  therefore,  that  his  deductions  for  the  ring  stresses  in 
conical  domes,  also,  are  erroneous. 

To  answer  Hr.  Wadaworth'a  discussion  properlj,  it  is  neoessarj  to 
have  a  clear  conception  of  the  sense  and  direction,  and  of  the  magni- 
tude of  the  external  forces,  acting,  in  the  one  case,  in  the  top  conrse 
of  the  lower  part,  and,  in  the  other  case,  at  the  base  of  the  upper  part. 

The  two  cases  are  radioally  difTerent,  as  regards  the  question  of 
determining  resaltants  and  components. 

In  Pig.  46,  which  represents  the  ex- 
ternal forces  acting  at  the  top  of  an  open 
dome,  the  forces,  S^  and  A,  are  the  com- 
ponents of  the  initial  force  (weight)  p. 

Therefore,  when  these  components,  H 
and  A,  are  oonsidered  in  their  action  upon 
the  top  course,  they  at  once  represent  the 
effect  of  p,  that  is,  p  drops  out  of  the  com- 
putation in  this  caee. 

Now,  since  the  inclined  meridional 
component  force.  A,  is  taken  up,  directly, 
by  the  next  lower  conree,  the  component, 
H,  is  the  only  force  to  be  considered  aa  Fia.  m 

having  an  effect  upon  the  top  course,  aa  in  accordance  with  Case  L 

In  Fig.  47,  which  represents  the  external  forces  acting  at  the  base 
of  the  upper  part  of  a  dome,  H  and  W  are  the  components,  and  A  is 
the  resultant  of  these  two. 

In  this  case,  therefore,  it  is  neceseary  to  enter  into  the  computa- 
tions, either  the  two  forces,  B  and  W,  together,  or  else  only  the 
inclined  meridional  upward  reaction,  A.     Mr.  Wadsworth  neglected 
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to  analyze  the  external  forces  in 
this  manner  in  both  inetanoee,  and 
did  not  oonaider  that,  in  an  open 
dome,  the  top  oontBe  forms  an 
eqnilibrated  ring,  in  oompreMion; 
further,  that  the  weight  and  the 
BtroBses  in  the  lover  oonrses  have 
no  effect  whateTer  upon  any  of  the 
tipper  oonrees,  except  in  the  case  . 
of  two  Buperimpoeed  (i.  e.  ovetlap- 
ping)  ooorses,  as  ander  Case  III. 

On  the  other  hand,  all  lower  ^'°- *'^ 

oonraes  are  affected  bj  the  npper  ones,  that  is,  b;  the  inclined 
meridional  thmst.  A,  dne  to  the  weight  of  these  oonraes. 

In  the  lower  supporting  ooutses,  and  below  the  joint  of  mptnre, 
tenaile  ring  stresses  are  created  thereby,   and,   in    the    case   of  a 
hemispherical  dome,  a  tensile  stress  at  the  base  is  prodnced  equal  to 
-Rp (17) 

Mr.  Wadsworth  has  treated  the  lower  part  of  a  spherical  dome  as 
if  it  were  a  part  of  a  cjlindrical  vault.  The  etresses  in  a  dome  havo 
nothing  in  common  with  the  stresses  in  an  arch.  It  is  a  mistake  to 
aasame  the  whole  of  the  lower  part  of  the  dome  to  have  an  effect  upon 
the  bottom  course  of  the  npper  part. 

The  writer  considers  all  the  formulas  established  for  the  stresses 
in  domes  in  the  paper  to  be  correct. 
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MEMOIRS  OF  DECEASED  MEMBEKS. 

NoTC- — VemolrswIUbvrQproduoQdin  the  Valumuc^  TransacHong.  Any  infonnm> 
tloD  which  will  amplify  the  reaoMs  as  here  prinled,  or  correct  aoy  erron,  ahould  b  b 
torvarded  to  the  SeoreUur  prior  to  the  BmU  publication. 

JAMES  FETEB  BOflABT.*  X.  Am.  Soo.  C.  E. 
Died  Decehbeb  21th,  1903. 

James  Peter  Bogart,  bod  o!  John  and  Henrietta  Gandee  Bogart,  was 
born  at  New  Haven,  Connecticut,  on  Febmary  28th,  1852. 

Hia  early  education  was  obtained  in  the  public  schools  of  New 
HareD,  and  lie  completed  hia  courae  in  the  Hillhonse  High  School  in 
1869.  He  then  entered  the  Sheffield  Scientific  School  of  Yale  Uni- 
Tersitj,  taking  the  course  in  civil  engineering,  and  receiving  hie 
degree  in  1872. 

After  graduation  he  was  employed  by  Mr.  H.  Q.  Scofield,  of 
Bridgeport,  Connecticut,  in  general  engineering  work  for  about  three 
years.  In  1875  he  entered  the  service  of  the  United  States  Coast  and 
Geodetic  Survey,  and  was  employed  for  three  years,  under  K.  U. 
Bache,  in  charge  of  a  plane-table  survey  of  the  region  in  the  vicinity 
of  New  Haven.  Upon  the  completioa  of  this  work,  he  returned  to 
Bridgeport  and  again  entered  the  employ  of  Mr.  Scofleld,  where  he  re- 
mained tor  about  three  years,  during  which  time  a  detailed  survey  and 
map  of  the  eotire  city  was  made  from  which  an  official  atlas  of  the  city 

In  1881,  the  Legislature  of  Connecticut  appointed  a  commiesion  to 
promote  the  new  and  rapidly  increasing  interests  of  the  deep-water 
oyster -growing  industry.  This  commission  appointed  Mr.  Bogart  to 
be  its  Engineer,  a  position  which  he  filled  for  about  eleven  years. 
During  this  time  he  execnted  a  very  careful  triangulation  of  the  Con- 
necticut shore  of  Long  Island^ound  from  the  Connecticut  Biver 
to  Oreenwich,  a  length  of  about  seventy  miles;  eetabtished  an  exten- 
sive system  of  signals  and  ranges  for  locating  the  boundaries  of  the 
oyster  beds  in  the  Sound,  and  surveyed  and  mapped  70  000  acres  of 
oyster  farms. 

This  was  employment  for  which  he  was  peculiarly  well  fitted. 
Hia  natural  thoroughness,  together  with  the  training  he  received  in 
the  service  of  the  Coast  Survey,  made  him  exceedingly  precise  and 
painstaking  in  his  work.  Where  such  important  and  diverse  in- 
terests as  those  relating  to  the  establishment  of  boundariee  be- 
tween these  oyster  farms  were  concerned,  Mr.  Bogart'e  characteristic 
honesty,  industry  and  carefulness  were  of  special  value. 

•  Memoir  prepared  by  Cbariee  A.  Ferry,  U.  Am.  Soc.  C.  E. 
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Daring  this  period  he  also  eerred  aa  EDgineer  to  the  commisaioii 
which,  acting  with  a  similar  oommiBaioa  from  the  Stato  of  Rhode 
IsUnd,  establiabed  and  defined  the  boaodary  line,  below  high-water 
mark,  between  these  two  States. 

Id  1892  he  bought  ont  the  bneiness  of  Ur.  Frank  Braen,  who  for 
several  years  had  conducted  an  engineering  office  in  New  Haven, 
and  took  into  partnership  'Mi.  A.  William  Sperry,  who  had  previous]; 
been  M>.  Bmen's  asaistant.  This  partnership  continued  nntil  1899, 
when  Mr.  Sperry  withdrew  and  Mr.  Bogart  subsequently  condnoted 
the  offloe  alone. 

His  familiarity  with  the  boundaries  of  the  oyster  beds,  the  thor- 
oughness with  which  he  performed  his  work,  and  his  strict  integrity, 
created  great  demand  for  his  services  in  cases  of  diapata,  between 
owners  of  adjoining  oyster  beds,  in  settling  the  correct  location  of 
boundary  lines. 

His  work  lay  princy>ally  along  the  line  of  surveying,  rather  thm 
engineering,  and  waa  always  executed  with  great  care  and  with  a  high 
degree  of  precision. 

Mi.  Bogart  was  pre-eminently  a  man  of  domestic  habits,  and 
found  his  chief  pleasure  in  hia  home  and  the  society  of  his  family. 

Mr.  Scofield,  in  whose  employ  Mr.  Bogart  spent  so  many  years  of 
his  professional  life,  thus  writes: 

"He  was  a  painstaking,  ooaecientious  workman,  no  detail  being 
too  small  to  receive  careful  investigation.  Mr.  Bogart,  though  nat- 
urally of  a  retiring  diapoaition,  woa  a  courteous  gentleman,  a  genial 
companion  and  a  loyal  friend ;  and,  while  fully  reco^izing  the  rights 
of  others,    was    thoroughly  insistent   on    the    maintenance    of    his 

He  was  a  member  of  the  Connecticut  Society  of  Civil  Engineers  and 
also  of  the  New  Haven  Chamber  of  Commerce. 

In  1888  he  married  Miss  Helen  Day,  daughter  of  Warren  H.  and 
Eliza  H.  Day,  of  Bridgeport,  who,  with  two  daughters,  aged,  respect- 
ively, fourteen  and  six  years,  survive  him. 

Mr.  Bogart  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  January  4tli,  1862;  and  became  a  Member  on  July  3d, 
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ON  SEDIMENTATION. 


Bt  Ai^LBH  Hazkk,  M.  Am.  Scki.  C.  E. 
3  June  1st,  1901. 


Since  Seddea  pabliahed  hie  p»per  on  "  Cleaning  Water  bj  Settle- 
ment," *  there  hae  been  bnt  little  published  diecneeion  on  the  theory 
of  this  snbjeot,  bnt  the  practice  of  building  and  opierating  sedimenta- 
tion basins  has  advanced  materiallj.  For  example,  it  has  been  fonnd 
in  St.  Lonis  that  continnous  operation,  that  is  to  eaj,  a  continaons 
flov  of  water  into,  through  and  ont  of  the  basin,  gives  quite  as  good 
results  EkS  the  intermittent  operation  which  was  studied  bj  Sedden, 
and  the  new  arrangement  allows  the  effluent  to  be  delivered  at  a  higher 
level,  the  economical  advantage  of  which  is  evident.  The  use  of 
baffles  has  also  been  learned,  and  it  haa  been  shown  clearlj  that  a 
well-baffled  basin  will  do  as  much  work  as  a  much  larger  basin  without 
baffles.  A  discnssion  of  the  aubject  from  a  theoretical  standpoint,  in 
view  of  these  developments,  may  lead  to  a  better  nnderstanding  of  it, 
to  the  collection  of  better  data,  and  to  improvements  in  deeign. 

The  processes  which  take  place  in  sedimentation  are  extremely 
complex;  to  discuss  them  at  once  in  their  entirety  seems  hopeless. 
First,  conditions  much  simpler  than  those  which  actually  exist  mast 

*  Journal  of  tSe  Aitocialion  o/  Bngineerino  Sottttitt,  m»,  p.  4TT. 

NoTi,— Tbeee  papen  are  twiwd  betore  the  date  set  Tor  preaentstlan  and  diacunkMi. 
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X  Hmmed,  utd  from  these  simple  uaumptionB  the  more  complex 
xinditioriB  can  be  approached. 

Okkkbaii  AsBDUpnomi. 
Let  it  be  assamed,  first,  that  vheoever  a  particle  of  anspeuded 
natter  hits  the  bottom  it  remains  where  it  strikes  and  is  never  carried 
orwardon  the  bottom  or  picked  np  again;  second,  that  all  the  sedi- 
Deat  in  the  water  ia  of  the  same  hydranlio  vklae;  that  is  to  eaj,  that 
tnrj  particle  settles  through  water  at  the  same  rate  as  every  other 
!>article. 

Let   (  ^  the  time  required  (or  a  particle  of  sediment  to  fall  from 
the  surface  to  the  bottom  of  the  water  in  the  basin,  the 
water  meanwhile  being  absolntel;  still; 
a  =  the  time  of  sedimentation  in  case  the  action  is  intermit- 
tent; and,  in  case  of  continnouB  operation,  let  a  be  the 
qnotient  obtained  bj  dividing  the  oapaoit;  of  the  basin 
by  the  quantity  of  water  entering  or  leaving  it  during 
each  unit  of  time; 
n  ^  the  number  of  basins,  in  case  several  basins  are  used  suc- 
cessively; 
X  =■  the  proportion  of  sediment  remaining  at  the  end  of  the 
process,  the  amount  at  the  beginning  being  taken  as 

ProptaiHon  1. — Astume  a  baiin^uUqf  mater  containing  aedimenl,  Ike 
tcater  being  abtolulely  at  real  and  so  remaining. 

Under  these  conditions,  each  particle  of  sediment  will  settle  toward 
the  bottom  at  its  determined  velocity.  At  the  end  of  a  certain  period 
all  the  particles  will  have  been  removed  from  a  top  layer  of  water, 
which  layer  will  be  as  thick  as  the  distance  that  a  particle  will  fall  in 
the  elapsed  interval,  while  an  amount  of  sediment  equal  to  that 
originally  contained  in  the  cleared  layer  at  the  top  will  have  been 
deposited  upon  the  bottom.  The  time  required  for  the  removal  of  all 
the  sediment  will  be  the  time  required  for  a  particle  to  settle  from 
top  to  bottom,  or  (,'  and  the  proportion  removed  in  a  shorter  period, 

a,  will  be  —  ;  and  the  proportion  remaining  will  be  one,  less  this 
BmouDt.    Wetheohave: 

*  =  1-  T (1> 
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The  values  of  x  for  varioos  values  of  — -  ue  plotted  in  Fig.  1  »s 
lAaeA. 
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In  ou  actual  settling  basin  the  water  is  mixed  more  or  less  from  top 
to  bottom  in  the  process,  with  the  result  that  the  sediment  does  not 
go  down  in  the  manner  indicated  bj  the  assumption.  The  mo«t 
important  causes  of  motion  are: 

1. — The  kinetic  energj  of  the  water  as  it  enters,  which,  according 
to  Sedden,  is  still  capable  of  producing  vortex  motion  aft«r  long 
periods,  but  which  can  be  much  reduced  by  ooatrolling  the  water  at 
the  entrunce  so  that  it  has  only  a  verj  low  velooitj. 

2.— The  action  of  wind  (acting  in  open,  but  not  in  covered,  baHias). 

3. — Changes  in  temperature,  which,  even  though  alight,  change  the 
specific  gravity  of  the  water  and  produce  ourrenta  in  it. 

A  development  of  this  proposition,  and  of  the  motions  of  the 
water,  and  the  resnltant  mixings,  is  given  in  much  detail  in  Sedden's 
paper. 

Proposition  2. — Ataume  a  ba$in  containing  tealer,  with  t«dineat  at 
b^ore;  and  aatame  thai  ihe  leater  is  kept  mixed  during  the  prooet*  of  tedj- 
metUniion  to  *ucA  an  extent  that  Ihe  dentUy  i^  the  sediment  in  all  porta  uf 
the  basin  is  always  the  same. 

In  a  period  of  time,  da,  the  movement  of  water  in  mixing  will  be 
inappreciable.     The  proportion  of  sediment  remftming  after  the  expi- 
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Now, 


ition  of  this  period,  aooording  to  Eqnatioii  1,  will  be  1  - 
he  sedimeDt  remuning  after  eaoh  enbeeqnant  interTal,  d  a,  will  be  the 
lame  proportion  of  the  amount  present  at  the  begiiuing  of  that  iuter- 
'at  as  it  waB  aft«r  the  first  interval.  If,  therefore,  the  proportion  re- 
naining  after  the  first  interval  be  multiplied  bj  itself  as  many  timea 
M  there  are  intervals,  the  amoont  left  at  the  end  of  the  period  will  be 

ibtained.     The  nnmber  of  intervals  will  be  ~,  aod  we  have 

'-('-^)f.-° <^) 

lo  solve  this,  make  a  =  t  and  develop  b;  the  binomial  theorem.  It  is 
then  found  that  when  y  =  1,  3:  =  0.367878.     The  values  of  x  for 

other  values  of  —  can  be  computed  from  this  value  by  the  use  of 
logarithms,  and  these  values  are  plotted  in  Fig.  1  as  Line  Z>. 

The  mixing  assumed  is  obviously  more  complete  than  could  exist. 
To  maintain  it  would  require  infinite  velocities.  This  condition  is 
impossible,  but  as  it  represents  one  limit  of  a  series,  the  intermediate 
terms  of  which  do  exist,  a  consideration  of  the  conditions  at  the  limit 
■ids  in  the  studj  of  actual  oonditions.  If  the  degree  of  mixing  were 
less  than  assumed,  the  rate  of  deposition  would  be  more  rapid. 

Modification  0/ Propo$ition  2. — Assujne  that  the  mixing  is  tuck  aa  U> 
teep  the  denstiy  of  the  sediment  in  all  parts  if  the  lower  aeven-tentha  <^  the 
llep'&  cfffie  basin  the  same,  and  that  in  the  upper  three-tenths  qf  the  depth 
the  dentili/  of  the  lahole  decreases  gradaally  from  the  full  amount  to  ndhing 
it  the  surface,  the  average  'densitif  being  nine-lenlhs  of  the  density  at  the 
ioOom. 

This  assumption  agrees  reasonably  well  with  the  observed  densities 
of  sediment  at  different  depths  in  sedimentation  basins.  The  amount 
of  sediment  in  the  whole  basin  will  then  be  nine-tenths  of  what  it 
Toald  be  if  the  density  of  the  sediment  at  the  bottom  were  maintained 
to  the  top,  and  the  density  in  the  bottom  layer,  from  which  sedimen- 
tation is  taking  place,  will  be  jr-^  of  what  it  would  be  it  the  mixing 

*«ie  complete.  Theamount  of  deposit  in  any  interval  of  time  depends 
upon  the  bottom  density,  and  would  thus  be  one-ninth  faster  than  it 
would  be  with  abaolutely  complete  mixing.     A  given  value  of  x  will 
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then  be  obtained  in  nma-tentha  of  the  time  that  'would  be  reqnirad 
tor  ut  equal  value  of  x  on  the  assumption  of  complete  mixing. 

This  should  be  corrected  slightlj,  beoauae  at  the  outeet  the  sedi- 
ment at  the  top  will  be  as  dense  as  belov.  The  advantage  only  ooean 
kfter  the  water  at  the  top  has  commenced  to  clear.  It  can  beassnmed 
that  the  time  required  for  this  initial  aleaning  at  the  top  will  be  0.1 1, 
and  the  gain  will  amount  to  10%  of  all  Bubsequent  time.  The  eqna- 
tion  of  this  new  line  is  not  compnted,  but  is  easily  laid  off  graphically, 
aad  it  is  shown  on  Fig.  1  as  Line  C. 

Tbis  line  may  be  taken  as  representing  the  rate  of  deposition  of 
sediment  on  the  intermittent  system.  That  is  to  say,  when  a  basin  is 
filled,  allowed  to  stand  until  settled,  and  then  drawn  ofL  To  oom- 
pare  this  line  with  the  results  obtained  with  bosiiis  operated  with  a 
oontinnona  flow  through  them,  it  is  necessary  to  take  into  account 
the  reserve  basin  capacity  reqoired  (or  the  intermittent  system  of 
operation.  That  is  to  say,  the  period  taken  for  computation  coven 
only  the  time  that  sedimentation  is  aolnally  taking  place.  Before 
this  commences,  the  basin  must  be  filled;  and,  after  it  is  over,  the 
basin  most  be  emptied.  These  operatioiks  take  time.  The  amonnt  of 
time  out  of  service  will  be  dependent  upon  the  conditions  of  service; 
and,  assnmiag  it  to  be  eqnal  to  the  time  of  actual  use,  then  twice  u 
mnch  baein  capacity  will  be  required,  to  produce  a  given  resnlt,  as  it 
indicated  by  this  line.  A  line  drawn  upon  this  basis  on  Fig.  1  w 
marked  E. 

Propotiiitm  3. — Aiaame  a  tedimeHtation  batin  operated  on  ihe  amtum- 
oua  plan;  Hiai  it  to  say,  with  water  comtantli/  entering  at  arte  place  md 
leaving  at  another.  Assume  that  the  water  in  -tAe  iatin  u  kept  cwulaMtljf 
and  peifeiMy  mixed,  so  that  the  dentity  of  sediment  in  all  parte  <^  it  it  tke 
some. 

As  the  water  in  the  basin  is  always  perfectly  mixed,  the  density 
of  sediment  in  the  mixture  is  the  same  as  it  is  in  the  efflnent, 
namely,  ^.    In  a  period,  d  a,  the  proportion  of  sediment  deposited 

will  be  — — ,  and  the  amount  deposited  will  be  a;  ( -i- )  ■  The  amount 
of  water  entering  will  be  — ,  and,  as  the  amount  of  sediment  in  this 
water  is  unity,  the  amoont  of  sediment  will  be  — .  The  amount  of 
sediment  carried  by  the  efflnent  will  be  x  multiplied  by  this  amonnt, 
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or  X  {——  \  .     The  amount  of  sediment  deposited  must  be  tbe  difTsr- 
enoe  between  tbftt  in  the  water  entering  And  leRving  th«  baain,  and 


Solving,  we  obtain. 

The  valaes  ol  x  computed  from  this  equation  are  shown  in  Fig.  1 
fts  Line  1. 

Finl  Modification  qf  Pjvpotition  3. — Attume  that  the  tcaler  near  the 
aurfatx  ixcrriet  Ie*»  »edime7U  than  tliM  water  in  the  lower  part  i^tkeba*in, 
owing  U>  thefcKt  that  the  mixing  is  not  anapl^. 

Sedimentation  will  take  plaue  more  rapidlj  than  is  indicated  bj 
the  eqaation,  and  the  correotion  to  be  made  can  be  compnt«d  b;  the 
method  need  nnder  PropoBition  2,  and,  on  the  aame  aesnmptions.  it 
will  amount  to  10  per  cent. 

Second  Modification  of  Propo»Uion3. — Auume  thai  the  entering  vs<tier 
ha»  a  velocity  so  great  at  to  prevent  (he  deposition  (f  sediment  over  a  certain 

Ab  far  as  this  is  the  case,  the  rate  of  deposition  for  the  whole  baain 
-will  be  lesa  than  computed,  in  the  proportion  that  the  area  orer  which 
the  exceaaive  velocity  aots  bears  to  the  total  area  of  the  basin. 

The  two  corrections  suggested  by  the  modifications  to  Proposition 
3  act  in  opposite  ways  and  tend  to  balance  each  other. 

Proposition  4. — Assume  two  basing  so  arranged  that  the  ^vent  from 
one  enters  the  second,  all  the  other  conditions  remaining  at  assumed  under 
Proposition  3. 

The  time  period  for  the  first  basin  becomes  — .  The  proportion  of 
sediment  remaining  after  paaaing  the  first  baain  will  then  be,  bj 
Equation  3, ,  and  the  proportion  of  this  amount  remuning 

after  passing  the  second  baain  will  be  the  aame  as  it  was  in  the  first 
basin,  the  amount  contained  in  the  water  leafing  the  second  baain 
will  then  be  the  square  of  the  proportion  in  the  water  leaving  the 
first  baain,  and  we  have: 


-(M 
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The  ralneB  of  a:  computed  by  tbis  equation  are  shown  in  Fig.  1  u 
Line  2. 

Propotition  5. — Antume  a  seriet  ^  «  (asins,  the  wafer  ftoving  fro* 
each  toths  jtexl,  aU  other  condiliom  remcdnmg  the  tame. 

The  computation  will  then  be  the  same  ns  nnder  Proposition  4, 
and  we  have, 

(51 


-(r^)" 


The  valnea  of  x  for  three  basinB  are  shown  in  Fig.  1  aa  Line  3;  tor 
four  basins  as  Line  4;  for  eight  basins,  as  Line  8\  and  for  16  basins  as 
Line  16. 

If  a  single  basin  is  verj  long,  and  the  flow  through  it  is  verj  r^a- 
lar,  it  is  obrions  that  the  ends  will  have  a  tendency  to  act  separately; 
or,  in  other  words,  to  act  as  if  it  were  two  baaiaa.  The  formnla  i» 
general,  and  we  can  make  n  =  1.6  for  nse  with  each  single  basine. 
This  line  is  plotted  in  Fig.  I  as  Line  I'r 

Fropoeilion  6.— Assume  an  infinite  number  of  basins,  thai  it  to  say, 
oAsduiely  complete  baffling  and  conlinvous  /oMnard  movement  q^  the  mater 
at  allpoinls,  mixing  from  top  to  bottom,  but  leiik  no  mixing  biickicard  and 
forward. 

The  valne  of  n,  in  Equation  6,  becomes  infinity,  and  we  have 

"(^)"=  ^'-^^" '" 

This  equation  gives  the  same  valaes  of  z  as  Equation  2,  and  these 
are  represented  by  Line  D.  In  other  words,  tbeorelieally,  a  sedimen- 
tation basin  operated  on  the  continnona  system  with  absolntely  com- 
plete baffling,  wonld  give  the  same  results  aa  a  basin  on  the  intermittent 
system  kept  absolutely  niiied  from  top  to  bottom. 

Proposition  7. — AssuTne  th<it  there  are  area*,  in  corners,  etc.,  where  the 
water  remains  away  from  the  current  passing  through  the  ba»in,  and  with 
little  or  no  exchange  with  it. 

If  these  areas  are  entirely  out  of  oircolation,  they  might  as  wdl 
not  be  there,  and  sedimentation  will  take  place  in  the  remaining  area 
.  as  if  they  did  not  exist.  If  there  is  some  circulation  between  these 
nearly  dead  areas  and  the  current,  they  will  be  of  service.  It  the  cir- 
culation is  sufficient  to  keep  the  density  of  the  sediment  in  the  water 
in  these  areas  up  to  that  in  the  water  in  the  ourrent  at  the  point  when 
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tbe  current  toaohee  th«  nearlj  dead  area,  then  sedimeDtation 
t&king  place  in  these  areas  as  aotivel;  as  elscThere  and  no  de 
sbonld  be  made  for  them.  If  the  circulation  is  lees  active  thi 
the  water  will  contain  leae  sediment  than  in  the  onrrent,  tmt  st 
proportion  of  it,  and  the  efliciencj  of  the  spaces  will  be  in  dirt 
portion  to  the  densitj  of  the  sediment  in  the  water  in  them. 

For  instance,  if  the  whole  area  of  such  nearlj  dead  apace 
of  the  area  of  the  basin,  and  if  the  watei  in  tbem  contains 
much  sediment  as  the  water  in  the  cmrent,  then  20%  of  the 
doing  half  dutj;  and  the  whole  amount  of  work  done  will 
which  wonld  be  done  b;  a  basin  nine-tenths  as  large,  and  withi 
weas. 

Proponlion  8. — Auame  that  the  water  in  a  batin  has,  at  the 
everywhere,  or  in  tome  placai,  tuck  a  relocily  that  il  will  jfceep  Ike  j 
Cloning  and  hold  them  in  suspension,  and  icili  prevent  them  /rot 
deposited. 

If  a  bottom  velocity  in  a  sedimentation  basin  is  each  as  to  | 
the  deposition  of  particles,  the  work  of  tbe  basin  will  be  less  cc 
than  it  wonld  otherwise  be.  It  wonld  seem  that  deposition  wi 
limited  to  particles  bo  large  as  to  be  capable  of  being  depositet 
eiiating  bottom  Telocity  and  that  the  work  of  the  baein  wc 
limited  to  the  removal  of  particles  larger  than  this  size.  Thii 
«ver,  is  probably  not  quite  correct,  becanse  the  velocities  in 
»re  variable,  and  even  though  the  average  bottom  velocities  we 
ae  to  prevent  the  deposition  of  particles  of  a  certain  size,  thew 
be  areas  in  the  basin  where  the  velocities  were  below  the  avera, 
where  these  particles  might  be  deposited.  The  results  to  be 
piiahed  would  thus  be  represented  by  the  action  of  a  smaller 
tfas  area  of  which  would  be  that  part  of  the  area  of  the  actual  t 
which  the  bottom  velocities  were  low  enough  to  allow  the  dei 
ot  particles.  The  problem  is  a  complicated  one,  but  it  seei 
cleat  that  bottom  velocities  should  be  avoided  at  all  points 
vonld  interfere  with  the  deposition  of  any  particles  which 
otherwise  be  removed. 

If  a  particle  rested  upon  a  smooth  bottom  and  wholly  abo 
bottom  velocity  equal  to  the  velocity  at  which  the  particle 
Mttte  through  still  water  would  exert  a  pressure  on  it  equal 
weight  of  the  particle,  and  this  would  certainly  suffice  to  m 


b,  Google 


868  OH  SBDIMBirTA.'nOK.  [FBpen. 

On  a  rongh  bottom,  that  is  to  sa;,  a  bottom  already  covezed  with 
particles,  many  of  vhiob  might  be  larger  than  the  particle  nnder  oon- 
sideratioD,  it  wonld  seem  likelj  that  00I7  a  part  of  the  enrfaoe  of  the 
particle  woald  be  expoeed,  while  the  resistance  to  moving  -would  be 
mnch  greater.  Still,  it  wonld  seem  that  if  the  velocity  was  mnch  in 
excess  of  the  velocity  at  wbioh  the  particle  wonld  settle  through  still 
water,  it  wonld  move  it.  Certainly,  if  it  were  moving  with  the  water, 
it  would  prevent  it  from  being  deposited. 

It  thns  seems  a  fair  conclusion  that  a  bottom  velocity  approxi- 
mately eqnal  to  the  velocity  at  which  a  particle  wonld  settle  thrbogh 
BtiU  water  wonld  prevent  deposition.  This  statement  refers  to  the 
velocity  within  a  distance  of  the  bottom  meaanred  by  the  diameter  of 
the  particle.  That  is  to  say,  within  0.1  mm.,  and  even  within  O.OI 
mm.  of  the  bottom  and  less.  Now,  nothing  whatever  ia  known  abont 
the  velocitieB  bo  very  close  to  the  bottom.  The  bottom  velocities  which 
can  be  measured  are  mnch  farther  from  the  actual  bottom.  It  ma;  be 
that,  with  the  moderate  velocities  usually  present  in  sedimentation 
basins,  the  action  is  that  of  water  below  the  critical  velocity,  and  tbat 
the  water  is  attached  to  the  bottom,  and  has  no  bottom  velocity,  and 
that  velocities  only  commeuoe  to  exist  as  the  bottom  is  left,  and  only 
become  appreciable  at  distances  greater  than  the  diameters  of  the 
particles  under  consideration. 

The  ordinary  mean  horizontal  velocities  in  a  number  of  sedimenta- 
tion basins,  to  be  mentioned  later,  range  from  1  to  8  mm.  per  second. 
These  velocities  are  so  low  that  it  seema  certain  that  the  velocities 
caused  by  wind,  and  perhaps  also  by  temperature  changes,  will  ^- 
ceed  them.  As  far  as  this  is  the  case,  the  controlling  velocity  would 
be  due  to  other  causes  than  the  general  forward  movement  of  the 
water,  and  the  velocity  of  this  movement  becomes  of  secondary  im- 
portance. 

If  the  velocities  were  much  greater,  the  problem  wonld  become 
simpler.  It  could  then  be  assumed  that  the  bottom  velocity  was  somB 
proportion  of  the  mean  velocity,  and  that  the  ratio  between  them  wm 
represented  by  an  approximately  constant  factor,/.  Then,  the  velo- 
city at  which  particles  settle  through  still  water  could  be  takes  «, 
approximately  at  least,  the  limiting  velocity  at  which  particles  vonlil 
deposit;  and,  multiplying  this  by  /,  would  give  the  mean  velocitj  ol 
the  greatest  current  at  which  deposition  would  not  be  prevented,    it- 
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■nming  thus  ameui  Telocity,/ times  *s  grea 
the  putiole  settles,  the  particle  woTild  have 
bottom  of  a  basia  in  making  a  forward  mov« 
depth  of  the  basin. 

Not,  to  secure  a  satisfactory  removal 

designed  sedimentation  basin  the  value  of  — 
maj  be  takeu  as  approximatelj  1.6.  Tb^ 
course  wonld  require  to  be  1  .&  times  as  Ion 
which  water  would  flow  while  a  particle  was 
torn.  This  gives  the  limiting  ratio  of  the 
water  ia  obliged  to  follow  in  passing  a  basin 
at  about  1.5/.  To  make  the  water  follow 
would  prevent  the  deposition  of  particles  of 
to  prevent  the  dragging  of  partioles  at  the  1 
course  should  not  be  greater  than  a  certain  ii 
of  the  baein. 

The  data  at  hand  for  the  strength  of  c 
deposit  of  sand  and  gravel  particles  are  no 
data  as  are  at  hand  it  would  seem  that  the  v 
and  the  corresponding  length  of  the  coarse, 
of  the  basin,  is  from  30  to  60.  This  compt 
oul;  applied  to  high  velocities  and  large  ps 
suggestive  value  in  relation  to  the  lower  ve 
clee  dlscnssed  herein. 

The  conditions  which  have  actually  beei 
There  is  found  in  the  basins  to  be  mentione 
basin  in  which  the  length  of  the  conree  is  b 
bssitiH  at  Ithaca  and  Wateitown,  with  coi 
their  depths;  baaius  at  St.  Louis  and  Albaa 
times  their  depths;  and  at  Kansas  City,  a 
thao  eighty  times  its  depth.  There  are  oth< 
nlsrly  where  bafflea  have  been  used,  where  t 
It  is  unfortunate  that  it  is  not  known  whet: 
these  cases  haa  been  well  founded,  and  whei 
present  conditions  of  sufficient  repose  so  i 
when  they  hit  the  bottom,  or  whether  the  1 
M  to  keep  the  smallest  particles  moving  e 
limit  the  action  to  the  removal  of  coarser  pi 
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Proposition  9.—A8gnme  a  very  thailow  sedimentation  batin. 
Tho  moat  common  method  of  expresBing  tbe  size  of  a  sedimentfttum 
baain  is  to  state  the  length  of  time  that  it  takos  water  to  paea  throngh 
it,  or,  more  acctiratelj,  the  quotient  obtained  bj  dividing  the  capacity 
of  the  basin  b;  the  quantity  of  water  entering  or  leaviag  it  in  a  unit  of 
time,  ^bere  has  been  a  feeling,  wMoh  waa  expressed  bj  Seddeu,  and 
b;  others,  that  the  area  rather  than  the  oapaoity  of  a  basin  meaenie* 
its  usefnlnesB.  In  all  theTormnlas  deduced  herein,  the  oompleteness 
of  removal  is  a  direct  function  of  —.  The  effect  of  the  area  and 
depth  of  baain  on  the  value  of  this  ratio  will  now  be  examined. 
Let    b  ^  the  area  of  a  basin ; 

c  =  the  oapacitj  of  a  basin; 
d  =  the  depth  of  a  basin; 

«  =  the  qnantitj  of  water  treated  in  a  nnit  of  time; 
V  ^  the  hjdranlic  valne  of  the    sediment,   or,  in  other 
words,  the  velocity  at  which  it  settles  in  still 


Combining,  —  =  —  =  —  (7) 

In  other  words,  the  proportion  of  aediment  removed  is  a  fonotion  of 
the  area  of  the  baain  and  of  the  hydratilic  valne  of  the  sediment,  and 
of  the  qnantitj  of  water  treated  in  a  nnit  of  time,  and  is  entirely  inde- 
pendent of  the  depth  of  the  basin.  Thisistmeof  all  the  propoiitionB 
which  have  been  considered  herein.  A  very  shallow  basin  will  thnt 
do  precisely  the  same  work  as  a  deeper  one  of  the  same  area. 
An  interesting  deduction  can  be  drawn  from  Equation  7: 


Now,-^  represents  the  upward  velocity  which  would  result  from  the 
uniform  upward  flow  of  the  water  throngh  the  horizontal  area  of  the 
basin,  and  the  value  of  — can  be  found  by  dividing  the  hydranlio 
value  of  the  particle,  represented  by  v,  by  this  computed  upward 
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Telooity;  and  conversely,  the  hydraulic  value  of  particlee  lemoved  to 

am  extent  oorrespionding  to  an  nBsnmed  value  of  — can  beobtained 

by  multiplying  this  oompnted  upward  velocity  by  the  aesiimed  valne 

of -T--     ^hiB  gives  a  means  of  compnting  the  reenlte  which  may  be 

expeot«d  from  a  given  basin,  which  does  not  involve  a  knowledge  of 
its  depth. 

The  only  way  in  which  the  depth  inflaencee  the  efficiency  of  eedi- 
mentatioQ  is  in  preventing  bottom  velocitiee  too  great  to  allow  the 
deposition  of  sediment.  It  is  obvions  that  depth  hae  an  important 
bearing  in  thie  respect;  for,  as  was  ehown  in  Proposition  8  (with  soma 
limitations),  the  longest  horizontal  length  of  a  coarse  which  can  be 
allowed  is  directly  proportional  to  the  depth,  and  too  little  depth 
would  limit  the  size  of  the  basins  to  impracticably  small  dim^iBiona. 

Pit/position  10. — Attume  Ikat  the  voter  patting  through  a  tedimenta- 
Hon  batin  foal  al  the  tap  in  a  (kin  layer  and  that  the  water  behic  (hit  layer 
remain*  quiet  or  nearly  to. 

This  ooudition  may  be  caused  by  a  riae  ia  the  temperature  of  the 
entering  water  which  will  tend  to  keep  it  at  the  top.  This,  practically, 
has  the  effect  of  making  a  shallow  sedimentation  basin.  But,  by 
Proposition  9,  a  shallow  basin  is  as  effective  as  a  deeper  one,  as  long 
as  the  bottom  velocities  do  not  pieveut  the  deposition  of  sediment. 

In  this  case  the  bottom  velocity  is  upon  the  still  water  below,  and 
not  upon  the  actual  bottom  of  the  basin.  The  line  between  the  mov. 
ing  water  and  the  quiet  watermust  necessarily  be  somewhat  indefinite, 
and  the  still  water  below  forms  an  almost  ideal  receptacle  for  the 
particles  which  settle  from  the  wuter  above.  The  basin,  therefore, 
will  do  all  the  work  that  it  conid  do  if  the  flow  extended  to  the  bot- 
tom, and,  in  addition,  the  question  of  bottom  velocities  is  eliminated. 
This  condition  seems  so  attractive  as  to  suggest  the  desirability  of 
putting  low  baffles  on  the  bottom  of  sedimentation  basins  to  hold  the 
water  for  some  distance  above  the  bottom  still,  or  comparatively  so, 
Mid  to  confine  the  current  to  the  upper  part  of  the  basin. 

Propoiition  11. — Attume  that  tlie  water  patmng  through  a  tedimenta- 
tion  hasin  ftotet  in  a  thin  layer  upon  the  bottom  and  that  the  water  above  this 
layer  remaint  quiet,  or  nearly  $o. 

This  condition  may  be  caused  by  a  fall  in  the  temperature  of  the 
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eateriug  water  whicL  would  tend  to  keep  it  *t  the  bottom.  This,  prae- 
icall;,  h&B  the  effect  of  making  a  Bhallow  eedimentation  baeiu,  but  the 
question  of  bottom  velocitieB  is  made  more  difBoult,  for  the  entrant  is 
near  th«  bottom  and  is  more  rapid  than  it  would  be  it  the  flow  wen 
uniform.  This  condition  may  thos  greatlj  reduce  the  efficiency  of 
sedimentation. 

Propotilion  12. — Aaaumt  a  sedimentation  basin  tcilh  glcinmien  to  take 
Ihe  tealer  eqttally  from  Oie  sutface  at  all pointi,  and  an  TipicaraJUne  inlMe 
baiin  to  the  top,  the  incoming  water  being  distributed  near  the  bottom. 

The  first  clearing  of  the  water  in  the  proceHH  of  Bedimentation  is  at 
the  top.  It  occurs  almost  inBtantaneouslj.  If  it  were  poeeible  to 
remove  this  water  from  the  top  as  fast  as  cleared,  and  before  it  had  a 
chance  to  mix  with  the  more  turbid  water  below,  a  great  improTement 
could  be  obtained  over  the  conditions  previoasly  aasomed. 

To  make  the  procesa  effective,  it  wonld  be  neoeaHary  to  provide 
skimmers  to  ekim  the  entire  area  of  the  basin.  This  idea  was  fint 
expressed  in  the  Rookner-Bothe  sewage  precipitation  tanks,  boilt 
in  Qermanj,  fifteen  years  ago  or  more,  and  an  example  of  which  was 
erected  at  the  World's  Fair  in  Chicago  in  1893.  A  more  recent  appli- 
cation ie  found  ia  the  Denver  Water-Works.*  If  this  arrangement 
could  be  developed  to  its  theoretical  limit,  it  would  give  a  removal  of 
sediment  corresponding  to  Line  A,  which  is  the  ultimate  theoretical 
limit.  It  ia  not  possible  to  reach  this,  because  even  with  the  beat 
skimming  there  will  be  some  miiing  and  oonseqnent  drawing  from 
below  the  surface.  The  Line  B  ie  drawn  as  representing  probably  as 
close  an  approach  to  the  theoretical  as  could  be  reached  with  the  best 
system  of  akimmers.  This  line  shows  clearly  the  advantage  of  this 
process  of  drawing. 

Id  many  cases  skimmers  have  been  provided  to  take  water  from  the 
top,  but  such  skimmers  have  usually  been  located  at  a  point,  or  at  a 
few  points,  and,  in  these  cases,  unless  differences  in  temperatures  pre- 
vent, water  is  drawn  to  them  from  all  directions,  from  the  bottom  as 
well  as  from  the  top,  and  the  skimmer  only  serves  to  take  the  sur&oe 
water  from  a  small  circle  in  its  neighborhood,  probably  not  mndi 
greater  in  radius  than  the  depth  of  the  water. 

Proposition  13. — Assume  that  the  sediment,  instead  of  consisting  cf 
partidet  ofthesartte  hydraulic  talue,  consists  of  particles  which  settle  at 
different  velocities. 

■  Snginetrinn  tfetet.  Vol.  M,  p.  SU. 
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It  all  partioleB  wbiob  settle  at  the  same  rate  be  considered  as  be- 
longing to  one  oIabs,  each  class  will  follow  its  own  law  of  deposition 
&nd  will  go  down  st  the  rate  at  which  thej  would  go  if  the  other  pttr- 
ticles  were  not  present.  In  making  this  a^smaptton  all  matters  of 
floagulation  and  floootilation  are  exolnded. 

The  hjdraulic  values  of  particles  of  different  sizes  can  be  taken, 
and  the  valne  of  (  can  be  compnted  for  each  size.     The  value  pf  a  will 

be  the  same  for  all.    The  valnes  of  —  can  then  be  obtained,  and  the^ 

will  be  inverselj  proportional  to  the  hydraulic  Talnes  of  the  particles 
of  various  sizes.  Taking,  then,  the  cnrre  in  Fig.  1  corresponding  to 
the  tjpe  of  basin  which  is  being  considered,  the  corresponding  valna 
of  X  for  particles  of  each  hydraulic  value  can  be  found;  that  is  to  say, 
the  percentages  of  the  particles  of  those  eizea  remaining  after  the 
treatment.  In  this  way,  if  a  mechanical  analysis  of  the  sediment  in 
the  raw  water  were  available  it  wonld  be  possible  to  compute  the 
mechanical  analysis  of  the  sediment  in  the  effluent. 

Another  way  is  to  compute  the  size  of  the  smallest  particles  removed 
by  a  given  set  of  conditions.  To  do  this  it  is  necesBary  to  assume  some 
percentage  of  removal  which  shall  be  taken  as  sufficient.  This  per- 
«entagp,  of  course,  is  arbitrary.  It  would  hardly  be  taken  as  less  than 
one-half  nor  more  than  seven -eight  he.  Perhaps  three -fourths  would 
answer  the  purpose.  The  sizes  of  particles  removed  in  other  propor- 
tions will  always  bear  aboat  the  same  relations  to  the  size  selected. 
That  is  to  say,  if  the  particles  of  which  15%  are  removed  are  taken  as 
having  a  diameter  of  1.00,  then  50%  of  the  particles  having  diameters 
of  0. 78  will  be  removed,  aud  WH%  of  the  particles  having  diameters 
of  1.47  will  be  removed.  These  figures  are  based  on  the  use  of  Line  4 
and  upon  Table  No.  1,  and  are  for  particles  less  than  0.03  mm.  in 
diameter.  For  coarser  particles,  and  with  other  types  of  sediments* 
tion  basins,  the  proportion  would  vary  slightly.  It  will  be  seen  that, 
«oiisidertng  the  great  range  in  size  of  particles  of  sediment,  the  sizes 
d.o  not  vary  very  greatly,  and  the  size  computed  in  this  way  may  be 
taken  as  roughly  representing  the  size  of  removal.  That  is  to  say,  it 
is  sacb  a  size  that  particles  larger  than  it  will  be  removed  and  particles 
smaller  than  it  will  remain.  The  method  of  computing  this  size  was 
stated  under  Proposition  9. 

Propotilion  14. — AMume  that  a  udimetUaiion  batin  is  divided  by  hori- 
tonial^atea  into  tteo  or  more  cvmparhnenia,  one  above  another. 
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Ab  the  aotioD  o(  a  sedimentation  basin  is  dependent  upon  its  hm 
and  not  npon  its  depth,  one  horizontal  snbdivision  would  provide  two 
surfaces  to  reeeive  sediment  instead  of  one,  and  would  doable  the 
amonnt  of  work  that  could  be  done.  Two  such  divisions  would  treble 
it,  and  so  on.  If  the  basin  could  be  cat  up  bj  a  series  uf  horiEontsl 
plates  into  a  large  number  of  shallow  passages,  the  inorease  in  effi- 
ci^icj  wonld  be  verj  great.  The  matter  of  bottom  velocities  would 
have  to  be  carefully  looked  after,  and  the  ratios  of  length  to  depth, 
the  depth  in  this  case  relating  to  each  compartment,  would  luve  to  lie 
maintained.  That  is  to  say,  the  apparatus  mnst  be  arranged  so  that 
the  whole  process  takes  place  in  a  short  distance  of  flow,  this  distance 
being  proportional  to  one  of  the  spaces  between  the  plates.  Such  sn 
apparatus  may  be  called  a  scrubber. 

The  most  serious  practical  difficulty  to  be  met  in  carrying  out  this 
idea  is  the  method  of  cleaning.  The  whole  apparatus  must  be  subject 
to  easy  and  cheap  oleaoing.  Cleaning  will  be  reqnii^  much  mote 
frequently,  because,  with  the  depth  reduced  to  a  low  figure,  the  qoui- 
tity  of  water  passed  through  a  given  space  in  a  given  time  would  be 
correspondingly  increased,  and  with  it  the  amount  of  sediment  de- 
posited. It  a  sedimentation  basin  10  ft.  deep  requires  to  be  cleaned 
once  a  year,  there  would  be  a  corresponding  necessity  for  cleanings 
scrubber  with  spaces  of  1  in,  between  plates  120  times  a  year,  or  daily 
or  oftener  when  the  water  was  turbid. 

PropoaitUm  15. — Auume  that  turbid  water  U  pa»sing  through  a  lager 
tfgand,  OM  in  the  ordinary  procaa  t/ fiUration,  and  thai  sedimenlatian  it 
iakitig  place  in  all  the  pores,  and  that  no  other  influenoe  it  at  viork  le  Tt- 
move  the  sediment 

In  this  case  the  sediment  is  deposited  on  the  surfaces  of  the  saod 
particles  facing  upward  at  places  where  the  current  is  not  strong 
enough  to  prevent  deposition. 

Assume  a  layer  of  sand  1  m.  thick,  with  an  effective  grain  sise  of 
0.36  mm.,  through  which  water  is  passing  at  a  rate  equal  to  3  m.  in 
depth  over  the  surfooe  daily.  This  rate  of  filtration  is  equal  to  s 
movement  of  the  water  column  above  the  sand  of  0.0347  nun.  per 
second.  The  voids  are  about  iQ%  of  the  whole  volume.  If  the  pons 
were  all  straight  and  oylindrio^  from  top  to  bottom,  the  velocity  of 
the  water  in  them  wonia  be  0.034T  ~  0.4  =  0.087  mm.  per  second.  It 
K%  is  added  to  represent  the  increased  length  of  the  passages  beonte 
they  are  not  straight,  the  velocity  wonld  be  0.13  mm.  per  second. 
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Esperimente  have  been  made  in  passing  solutions  af  salt  snd  water 
alteraatelj  thiongh  eand,  wbiob  show  that  in  the  passage  of  water 
through  sand  a  large  port  of  the  water  in  the  sand  has  a  low  veloeitj, 
while  a  small  part  has  a  mnch  higher  velocity,  so  that  a  part  of  any 
given  lot  of  water  will  make  its  appearance  in  a  fraction  of  the  time 
which  wonld  be  reqnired  if  the  diBpIaoement  were  complete.  In  other 
words,  some  of  the  passages  in  the  sand  are  large  and  comparatively 
direct,  and  in  them  the  water  moves  more  rapidlj  than  the  average, 
while  the  other  passages  are  smaller  and  less  direct,  and  in  these  the 
movement  is  slower  than  the  average. 

If  it  be  asBomed  that  two-thirds  of  the  water  in  the  sand  is  praoti- 
oallj  qniet,  and  that  the  forward  movement  takes  place  in  the  pores 
representing  one-third  of  the  total  volume,  the  average  velocity  in 
these  pores  will  be  three  times  as  great  as  compnted,  or  abont  O.i 
mm.  per  second.  As  the  individual  pores  are,  at  most,  only  a  fraction 
of  a  millimeter  in  size,  it  appears  that  where  the  velocity  is  greatest,  a 
given  particle  of  water  will  pass  through  a  eiugle  pore  in  a  period  of 
time  which  may  be  roughly  stated  as  a  little  less  than  a  second.  On 
the  other  hand,  in  the  smallerpores,  where  the  movement  is  less  rapid, 
the  water  may  remain  in  one  pore  for  several  seconds. 

The  velocity  of  0.1  mm.  per  second  wonld  not  prevent  the  depoei- 
tioQ  of  large  particles  of  sediment,  bnt  such  particles  are  removed  at 
the  top  by  simple  straining,  and  the  particles  removed  by  deposition 
in  the  sand  pores  wonld  only  be  very  small  particles,  and  this  velocity 
might  be  too  great  to  allow  this  subsidence.  In  the  side  passages, 
however,  with  lower  velocities,  conditions  for  subsidence  would  be 
much  more  favorable.  Begarding  the  sand  as  a  sedimentatiou  basin, 
it  is  somewhat  analogous  to  a  long  series  of  compartments  connected 
at  one  side  only,  with  a  passageway  in  which  a  current  is  maintained. 
The  bulk  of  the  movement  is  in  the  passageway,  but  there  is  always 
some  circulation  to  and  from  the  chambers,  which  keeps  up  the  snpply 
of  sediment  particles  in  them  and  affords  opportunities  for  sedimenta- 
tion, and  the  whole  should  act  as  a  sedimentation  basiu,  even  though 
the  velocity  in  the  channel  is  too  rapid  to  allow  subsidence. 

The  area  of  the  surface  of  the  aaud  grains,  of  sand  of  the  effective 
size  mentioned  above,  which  is  about  the  size  commonly  used  in  water 
filters,  is  surprisingly  large.  It  is  approximately  equal  to  0  sq.  m. 
per  kilognun  of  dry  Mud,  and  the  surface  area  of  particlee  in  1  cu.  m. 
of  nnd  is  abont  6  000  sq.  m.    In  other  words,  in  a  layer  of  sand  1  m. 
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thick,  the  area  of  the  sand  particles  is  8  000  times  as  great  ae  the  am 
of  the  space  occnpied  bj  the  sand. 

ABSQme  that,  of  the  totaJ  surface  area,  one-sixth  is  placed  hori- 
zontallf  and  facing  apvard,  or  near  enongh  to  this  poaition  to  m»ke 
it  capable  of  receiving  sediment.  Asenme,  further,  that  half  of  Ibif 
area  is  in  oontact  with  other  sand  grains,  or  too  near  them  to  be 
available.  AsBame,  further,  that  one-third  of  the  remaining  are* 
will  be  80  placed  that  the  water  passing  it  will  have  a  velocitjin 
excess  of  the  rate  which  wonld  allow  the  deposition  of  the  fincct 
particles.      This  reduces  the  area  available  for  receiving  aedimeLl 

112  1 

to  -^  X  -^  X  -s-  =  -T^  of  the  whole  area  of  the  sand  grams,  or  to  m 

area  414  times  as  great  as  the  area  of  the  space  occnpied  bj  the  saDd. 
In  other  words,  the  opporttmitiee  afforded  for  sedimentation  u« 
equivalent  to  those  in  a  sedimentation  basin  with  an  area  444  time* 
that  of  the  filter,  or  to  a  basin  equal  to  the  filter  in  area  and  with  Hi 
horizontal  divisions,  each  capable  of  receiving  sediment.  The  Telo- 
city of  a  column  of  water  of  the  same  area  as  the  apace  occupied  bj 
the  sand  amounts  to  0. 0347  mm.  per  second.  Dividing  this  bj  444,  it  u 
found  that  the  upward  rate  over  the  area  capable  of  receiving  sediment 

is  0.000077  mm.  per  second.      Assuming  (Line  D)  a  value  of  —=14, 

with  75\  removal,  the  hydraulic  value  of  the  correaponding  pu- 
tides  becomes  0.000108,  and  the  diameter  of  particles  corresponding 
to  this  (as  will  be  shown  in  a  subsequent  paragraph)  is  0.0003  duU' 
In  other  words,  considered  as  a  sedimentation  basin,  filter  sand  of  the 
ordinary  coarseness  and  depth,  and  at  about  the  ordinary  rate  of  filtii- 
tion,  would  remove  the  bnlk  of  all  particles  more  than  0.0003 mm.  in 
diameter.  The  finest  clay  is  said  to  consist  of  particles  about  0.0001 
to  0.0003  mm.  in  diameter.  A  filter  wonld  thus  (ail  to  remove  the 
finest  clay,  but  would  remove  all  coarser  sediment.  This  concliuicm 
agrees  preeboly  with  the  facts. 

It  the  rate  of  filtration  is  increased,  the  hydraulic  value  of  the  pu- 
tioles  which  are  removed  will  be  increased  in  the  same  ratio  that  tlie 
rate  is  increased;  while,  if  the  size  of  the  sand  grains  is  inoreaEed,  the 
area  of  the  surface  of  the  particles  will  vary  inversely  as  the  effectiie 
size,  and  the  hydraulic  value  of  the  particles  which  can  be  remoied 
will  increase  directly  with  the  effective  size  of  the  filtering  material. 
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The  hjdiaalic  Toluee  of  the  partioles  'whioh  can  be  remoTod  will  thus 
vary  directlj  with  the  rate  and  direotlj  with  the  effective  size  of  the 
filtering  material.  ABBumiiig  that  the  hydraulic  value  of  the  particles 
inoreaeee  as  the  aqoare  of  the  diameters,  this  relation  can  be  stated 
thus:  The  diameter  of  partiolee  removed 


=  '^  v'  effective  size  of  sand  X  rate  of  filtration. 
The  value  of  c,  in  this  equation,  is  found  to  be  approximately  0.0003. 
The  diameters  of  the  partioles  removed  are  as  follows: 

For  sand  filters  of  standard  oonstmction,  sand  0.33  mm.  effective 
size,  rate  3  000  000  galls,  per  acre,  the  greatest  size  of  par- 
tioles passing  is  0.0003  mm. 

If  the  rate  of  filtration  is  increased  to  B  000  000  galls,  per  acre 
daily,  the  greatest  size  of  particles  passing  is  0.0005  mm. 

In  a  mechanical  filter  without  coagulant,  and  with  the  same 
sand,  at  a  rate  of  130  OOO  000  gatb.  daily,  the  largest  parti- 
oles passing  would  be  seven  times  as  large  as  those  removed 
with  a  sand  filter,  or  0.0030  mm. 

In  a  sombber  containing  gravel, with  an  effective  size  of  10  mm., 
and  operated  at  a  rate  of  50  000  000  galls,  per  acre  daily, 
the  largest  partioles  passing  would  be  0.0070  mm. 

This  size  corresponds  substantially  with  the  computed  size  of  re- 
moval by  the  sedimentation  basins  at  Albany  and  St.  Louis,  and,  as 
far  as  this  computation  indicates,  a  scrubber  of  this  construction 
would  be  equivalent  in  its  effect  upon  the  water  to  the  sedimentation 
basins  in  use  in  those  cities. 

In  considering  the  probable  coarse  of  sedimentation  in  sands  and 
gravels  one  is  naturally  infinenced  by  knowledge  of  the  action  of  water 
in  lan;er  spaces  and  at  higher  velocities.  It  mnst  be  remembered 
that  in  the  capillary  spaces  of  the  sand  the  viscosity  of  the  water  is  of 
eontrolling  importance,  and  the  principles  of  flow  are  different  from 
those  with  which  one  is  familiar  from  experience  with  larger  masses. 

The  purification  of  water  in  filters  and  scmbberB  is  probably  in- 
flnenced  by  the  fiocculation  of  particles,  by  surface  attractions,  by  the 
presence  of  organisms  and,  very  likely,  by  other  infiuenoes  of  which 
nothing  is  known.  It  is  impossible  to  determine  what  part,  if  any, 
sedimentation  plays  in  the  ultimate  effect  obtained  nnder  these  o<»idi- 
tions,  but  it  is  interesting  to  find  that  the  results  computed  by  the  appli- 


b,GoogIc 


368 


ON  SBDIUEMTATIOIT. 


(Pftptn. 


OBtion  of  the  formolas  deduced  for  sedimentation  bMins  give  reniltft 
apparently  in  agreement  with  the  facta  observed  in  filtration;  mi, 
therefore,  it  is  not  irrational  to  Bnppoee  that  aedimentation  in  the  pares 
of  these  materiala  may  play  an  important  part  in  thereanlta  obtdised. 

Ok  the  VEnoorrr  at  vmoH  Pabtiolbs  or  Sedimest  HBm.B  thbodob 
Still  Watbb. 
The  larger  particles  settle  rapidly,  the  smaller  ones  very  slovly. 
With  very  amall  particles  the  visoosity  of  vater  controls,  and  the  velo- 
city of  settlement,  or  the  hydranlic  valne,  varies  as  the  square  of  the 
diameter.  With  large  particles  friction  controls,  abd  the  relocdty  or 
hydranlic  value  varies  as  the  sqnare  root  of  the  diameter.  There  is  a 
transition  space  betveen.  This  space  c&vera  particles  from  0.1  to  l.DO 
mm.  in  diameter,  or  ordinary  sand,  and  also  extends  somewhat  beyond 
these  limits. 


TABLE  No.  1.— VRLocmBB  at  Which  Pasticles  op  S^dibiit  Fall  di 
Still  Watbb. 
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The  bjdranlio  Talnes  of  particlee  within  these  limits  have  been 
deternmied  bj  noting  the  time  required  forsettlementfora  determined 
distance  throngh  water  in  a  glass  Teasel.  Particles  of  different  sizes 
were  obtained  by  the  methods  nsedin  the  meohanioal  analysis  of  sand. 
The  speoifio  gravity  of  the  particlea  is  about  2.66.  The  grains  are 
irregular,  and  the  diameters  are  taken  aa  the  diameters  of  spherea  of 
«q.iial  volume. 

For  particles  less  than  0.02B  mm.  in  diameter,  the  formula  given  by 
"Wiley  *  ia  used,  namely,  d  ^  0.0266v*,  the  diameter  being  in  milli- 
metera  and  the  velocity  in  millimeters  per  aeoond.  The  hydraulic 
values  of  particles  from  0.025  to  0.1  mm.  in  diameter  have  beea 
obtained  by  drawing  a  curvebetween  the  lines  representing  the  higher 
and  lower  values.     Some  ol  these  values  are  given  in  Table  No.  1. 

On  the  Envoi  of  Tzhpibatdbk. 
The  flgnres  in  Table  No.  1  are  for  a  temperature  of  10<>  Gent. ,  or 
SO"  Fahr.,  which  is  about  the  annual  average  temperature  of  the 
water  in  the  northern  part  of  the  Uoited  States.  The  finer  particles 
aettlemorerapidlyaa  the  water  becomes  warmer,  but  with  the  coarser 
onee  temperature  makes  less  difference.  For  the  finest  particles,  the 
rate  of  settling  at  different  temperatures  varies  as  ■ — ^tj— •  t  being  the 
temperature  on  the  Fahrenheit  scale.  The  relative  hydraulic  values 
of  the  same  particles  at  different  temperatnrea  are  as  follows : 


74 140 

At  a  Bummer  temperature  of  7i°,  a  particle  of  sediment  will  settle 
twice  as  fast  as  at  the  freezing  point.  In  other  words,  a  given 
sedimentation  basin  will  do  twice  as  much  work  in  summer  as  in 
winter.  Experience  indicates  the  truth  of  this  dedaction,  and  it  is 
also  true  of  filters. 

*  "  Agrlonltnral  Analysis,"  p.  SIB. 
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On  thb  Effect  of  FLocxn)i.ATiON  ahd  Goaqulatioh. 

B;  floccnlation  is  nftderetood  tlie  gathering  together  of  tbe  particles 
of  sedimeat  into  aggregates.  This  takes  place  more  or  less  irith 
olajey  sediment.  It  is  probablj  not  a  vet;  important  matter  in  sedi- 
mentation basins,  becanse  the  oppoitanitiee  for  it  in  rivers  before  tlie 
water  enters  the  sedimentation  basins  have  been  so  favorable  that  it 
baa  gone  as  far  as  it  will  readily  go  before  the  water  enters  the  baain. 

Coagulation  is  artificial  flooonlation,  and  is  oansed  bj  the  addition 
of  a  chemical  to  the  water.  The  effect  of  floccnlation  or  ooagnlation 
is  to  increase  the  size  of  the  particles,  for  the  aggregates  formed  in 
this  waj  have  subsiding  values  which  may  be  verj  much  larger  than 
the  anbBiding  values  of  their  individual  particles.  Salt  water  indacet 
floccnlation,  and  the  inoreaaed  rate  of  sedimentation  when  fresh 
water  mixes  with  salt  water  is  to  be  explained  in  this  waj;  for  it  cao- 
uot  be  snpposed  that  an  individual  particle  would  settle  faster  in  ealt 
water  than  in  fresh. 


CoMPABIBON  OF  DiPFBBXNT  AjBRAlfOEMXtlTS  OF  SBITLlMa  BaSIHB. 

The  valnea  of  -r— necessary  tosecoretheremoval  of  one-half,  three- 
fourths  and  seven-eighths  of  the  partioles  of  a  given  size,  with  buiss 
of  different  arrangements,  and  without  regard  to  exoeeaive  bottom 
velocities,  are  given  in  Table  No.  2. 

TABLE  No.  2. 
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The  fignres  given  in  Table  No.  2  nnder  the  respeotiTe  hesdingB 
repreunt  the  relatiye  areks  of  oedimeutation  basins  npon  different 
BTstemH  which  wonid  be  mqnired  to  prodnoe  eqnivalent  resnlta.  It 
will  be  noticed  that  the  diffeivnces  between  the  different  Bjatems  aie 
always  in  the  same  order  (with  the  exception  only  of  the  intermittent 
basin  with  the  allowancelortimeontof  service),  bat  the  relative  valnes 
are  different  for  diffierent  peroentoges  of  removal.  With  the  removal 
of  one-hslf  of  the  partiolee  of  a  given  size  the  differenceH  are  less  than 
for  the  removal  of  three-fonrths  of  the  particIeH,  and  for  the  removal 
of  seven-e^hthe  of  the  particles  the  differences  are  greater. 

From  the  standpoint  of  preliminarf  treatment,  there  wonld  be 
sotnetliing  to  be  said  in  favor  of  taking  a  removal  of  one-half  of  the 
ledimecit  of  a  given  size  as  a  standard,  beoanse  that  would  represent 
the  bnlk  of  the  material;  while,  from  the  standpoint  of  entire  alariflca- 
tion,  the  removal  of  seven-eighths  woold  be  better.  The  use  of  the 
nine  correeponding  to  three-fonrths  removal  seems  a  fair  one  for  a 
geoenl  discnssion. 

The  application  of  the  different  lines  shown  in  Ji^g.  1  to  actnal 
MdimentatioQ  basins  will  now  be  considered.  Obvionsly,  the  condi- 
tions in  these  basins  are  more  complex  than  those  assnmed  in  the 
propositions  from  which  the  equations  of  the  lines  were  deduced. 
Nevertheless,  the  propositions  maj  represent  a  sufficiently  close 
approximation  to  the  facts  to  be  of  practical  nse. 

Sedimentation  basins  operated  on  the  intermittent  plan  seem  to 
meet  reasonably  well  with  the  assumptions  which  led  to  Line  C,  and 
this  line  may  be  taken  as  representing  the  conditions  in  euch  basins. 
Sedimentation  basins  with  one  compartment  and  with  the  water  iutro- 
daced  at  one  point  and  taken  out  at  another,  without  any  special  pre- 
cautions to  distribute  it  and  reduce  its  velocity,  may  clearly  be  taken 
•■being  represented  approximately  by  Line  1.  Basins  of  thb  type 
include  the  St.  Louis  basins,  as  they  were  used  two  or  three  years 
■go,  that  is,  with  water  entering  continuously  at  one  end  and  flowing 
out  at  the  other.  A  sedimentation  basin  like  that  at  Little  Falls,  with 
the  wftter  entering  at  the  bottom  and  taken  out  at  the  top  at  the  oppo- 
"ite  side,  presents  a  peculiar  condition  becanse  its  depth  is  so  very 
Wgein  proportion  to  its  length  that  the  removal  of  the  water  from 
'tic  top,  even  though  limited  to  one  side,  may  be  equivalent  to  a  sur- 
^  straining   of  a   considerable  part  of  its  area.     Where  several 
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aooessively,  as  at  Eansae  Citj  and  Omaha,  the  Imes 
correBponding  to  the  number  of  BQch  basins  mftf  be 
tepresaoting  the  conditioiiB.  In  the  coee  of  a  ver; 
lasio,  the  conditiouB  ate  somewhat  different.  There 
the  different  Beotione  along  the  length  of  the  basin 
^ej  were  separate  basins.  That  is  to  say,  there  is 
onnt  of  circulation  between  the  different  parts,  snd 
ire  carried  far  enongh  the  basin  wonld  act  as  if  it 
a  large  nnmber  of  basins  used  sucoessiTely.  The 
lins  for  sewage,  designed  by  Lindley  at  Frankfort- 
thib  type.  Clearly,  they  are  equivalent  to  Bereral 
impossible  to  say  how  high  a  nnmber  shonld  be 
entation  basins  for  water  pnrifioatioD  designed  apon 
e  eeldom  been  nsed. 

«r  is  introdnoed  very  carefnlly  at  one  end  or  aide  ol 
}ved  at  the  other  side  by  a  corresponding  ommge- 
>ns  shonld  be  materially  improved  over  those  of  s 
a  line  intermediate  between  i  and  2  may  be  nsed. 
mentation  basin  consiBte  io  building  light  walls  or 
artially  dividing  it  into  a  namber  of  compartments, 
ly  partial,  bnt  it  serves  in  large  measnre  to  prevent 
m  the  different  snocessive  eompartments.  With  veiv 
a  sedimentation  basin  would  evidently  be  cnt  up  so 
at  to  a  large  number  of  basins  nsed  sncceflsivelj. 
in  must  not  be  cnt  beyond  the  point  which  is  limited 
bottom  velocities,  and,  except  in  particular  cases, 
ps  be  taken  as  representing  a  practical  limit  to  the 
in  this  way.  Under  very  favorable  oironmstanoea, 
«d  by  Line  8  might  be  reached. 
iregoing  olassiflcation  in  mind,  the  figures  in  Tsble 

ee  ef-T-  for  three-fourths  of  the  sediment  removed, 

ve  areas  of  basins  of  the  different  types  required  to 
it  results.  It  wiU  be  seen  that  a  well-baffled  basin, 
Line  4,  will  do  as  muoh  work  as  a  single  basin  with 
trea,  where  mixing  thronghont  the  whole  volume  is 
ttent  boains,  allowing  for  the  time  oat  of  serrioe,  do 
!  efficient  work  than  single  basiuB  operated  aontinn- 
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ooalj,  and,  Tith  the  most  mdimentftrj  baffling,  with  the  oontiaaoaB 
sjBtem,  puts  the  effioienoy  above  that  obtained  on  the  intermittent 

The  theoretical  efficiency  of  the  surface  akimming  is  well  shovo, 
and  only  the  practical  difficulty  and  expense  of  carrying  ont  this 
method  limits  its  nse. 

Application  to  a  Kumssb  of  Basins  in  TJsr. 

The  principles  and  resnlts  of  these  discossions  nta;  be  better 
nnderstood  by  applying  them  to  a  nnmber  of  practical  oasee.  The 
dimensiona  have  been  taken  in  some  oases  at  approximate  figures,  and 
the  qnantities  of  water  assumed  as  passing  are  nominal.  In  several 
«ases  they  have  been  taken  as  the  capacities  of  the  plants,  in  other 
cases  as  the  approximate  qnantities  recently  treated.  The  quantity  of 
-water  treated  obviooslj  affects  the  resnlts  materially.  In  some  cases 
where  plants  have  been  operated  at  much  less  than  their  nominal 
capacities  the  aotnal  results  have  probably  been  correspondingly  more 
favorable. 

Several  coagulation  basins,  used  in  connection  with  mechanical 
filters,  are  indnded.  The  primary  purpose  of  these  basins  is  to  allow 
the  necessary  time  for  the  chemical  changes  to  take  place,  but  the 
process  is  facilitated  by  having  them  act  as  sedimentation  basins,  and 
it  is  therefore  fair  to  discuss  them  in  this  way.  Of  course,  in  these 
oases,  the  material  removed  is  of  a  fiocculeat  nature,  very  difi'erent  in 
its  snbsiding  value  from  the  sand  and  silt  which  is  taken  as  the  basis 
of  the  computation;  and  the  sizes  given,  therefore,  are  the  sizes  of 
sand  particles  of  equal  hydraulic  value,  and  not  the  actual  sizes  of  the 
flocculent  particles. 

Table  No.  3  is  a  statement  of  the  data,  and  the  computations  re- 
garding a  nnmber  of  basins. 

The  results  shown  in  Table  No.  S  are  very  striking.  The  system 
of  reservoirs  at  Washington  should  remove  particles  to  0.003  mm.  in 
diameter,  although  the  horizontal  courses  are  so  long  that  bottom 
velocities  may  limit  the  resnlts.  The  Kansas  City  basins  remove  par- 
ticles to  0.006  mm.  The  St.  Louis  and  Albany  basins  remove  particles 
down  to  O.OOT  mm.  in  diameter.  The  results  from  the  coagulating 
basins  at  Ithaca  and  at  Watertown  are  close  together,  with  removals 
of  0.018  mm.  The  Warren  tank,  at  Pittsburg,  removed  particles  down 
to  0.(l&i  mm.  and  the  Jewell  down  to  0.047  mm.     The  basin  at  Little 
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Falls  givM  the  poorest  eedimeotatioD  of  all,  being  only  able  to  remove 
partiolea  more  tbttn  0.077  mm.  in  diameter,  which  is  coarse  silt  or  very 
fine  sand.  The  latter  mnst  be  regarded  as  a  coagnlation  basin,  onlj, 
and  it  is  obTioos  that  the  Bedimentation  which  takes  place  in  it  mnst 
be  verj  limited. 

B^auHE. 

The  fundamental  proposition,  in  clearing  water  by  sedimentation, 
seems  to  be  that  every  particle  of  sediment  moves  downward  tbrongb 
the  water  at  a  velocity  depending  upon  its  size  and  weight  and  npon 
the  viscosity  of  the  water.  Particles  of  sediment  are  generally  so  fat 
apart  that  they  do  not  infineace  each  other;  and,  while  there  is  no 
donbt  that  they  do  sometimes  collect  in  groups  and  thne  change  the 
conditions,  it  seems  to  be  generally  true  that  each  particle  will  settle 
as  if  no  other  particles  were  present. 

If  the  water  in  a  basin  were  absolutely  quiet  there  woold  be  a  reg- 
ular sequence  of  clearing  beginning  at  the  top.  The  coarsest  particles 
would  go  down  fastest,  but  at  any  given  point  there  would  be  a  grad- 
ual clearing,  and  this  clearing  would  take  place  most  rapidly  at  the 
top,  and,  after  longer  intervals,  at  lower  points  in  the  basin. 

Sedden  started  out  with  this  theory,  but  found  it  to  be  not  in 
accordance  with  the  facts.  His  observation  showed  AeA  while  the 
amount  of  sediment  in  the  water  in  the  top  was  a  little  less  than  in 
the  water  in  the  bottom,  the  distribution  was  nearly  equal  throughout 
the  mass,  a  condition  of  affiairs  inconsistent  with  the  theory.  He  ac- 
counted for  this  distribution  of  sediment  by  the  constant  mixing  of 
the  water  from  top  to  bottom,  and  to  the  sustuning  power  of  vortex 
motions  in  the  water.  These  motions  he  thought  arose  from  the  in- 
ternal motion  of  the  water  at  the  time  of  entrance,  and  from  wind,  and 
from  temperature  changes. 

The  writer  has  taken  Sedden's  development  of  the  case  as  his 
starting  point,  and  has  carried  the  discussion  further.  He  believes 
that  while  the  internal  motions  keep  the  water  mixed,  and  with  nearly 
the  same  density  of  sediment  from  top  to  bottom,  the  tendency  of  the 
particles  of  sediment  to  settle  is  nevertheless  an  unbalanced  force 
always  acting  to  take  the  particles  to,the  bottom,  and  the  nnmber  of 
particles  that  hit  the  bottom  in  a  given  time  is  proportional,  first  to 
the  velocity  at  which  the  individual  particles  settle,  add  second  to  the 
density  of  sediment  in  the  water  immediately  above  the  bottom. 
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In  ft  paper,*  entitled  "  Inter-Oceanio  Cftoal  Projects,"  b;  A.  O. 
Menocal,  U.  Am.  Soc.  C.  E.,  it  is  stated  that  the  Oorerument  Com- 
mission, appointed  in  1870,  reported,  as  to  a  canal  vith  looks,  from 
Colon  to  Panama,  as  tollows: 

"The  river  (GhE^jes)  is  proposed  to  be  croased  bj  means  of  an 
oqnedttct  having  twelve  spans  of  90  ft.  each,  1  900  ft.  extreme  len^h, 
65  ft.  wide  and  26  ft.  deep." 

In  discnesing  this  paper.t  the  late  Ashbel  Welofa,  Past-President, 
Am.  Soc.  C.  E.,  a  thoroagh  and  noted  canal  engineer  in  his  daj, 
said: 

"The  first  thought  of  an  American  canal  and  river  engineer,  on 
looking  at  H.  de  Lessepe'  raised  map,  is  to  convert  the  valle;  of  the 
lower  Ohagres  into  an  artificial  lake,  some  20  miles  long,  b;  a  dam 
across  the  ralley  at  or  near  the  point  where  the  proposed  oanal  strikes 
it  a  few  miles  from  Colon,  snch  as  was  advocated  by  Mr.  C.  D.  Ward." 

The  site  proposed  for  this  dam  was  at  Oatnn,  7.6  miles  from  deep 
water  at  Colon,  the  end  of  the  canal.      Bnt,  as  is  well  known,  the  tibo 

•  TVaiuaetdHU,  Am.  Soc.  C,  E.,  187V,  Vol.  Vin,  p.  811. 

t  TraiuactioiiM.  Am.  8oc  C.  K.,  1880,  Vol.  II,  p.  !4B. 

NoTB.— These  papatB  are  i«u«d  before  the  dsta  set  lor  praaentBtloD  and  dIscussloD. 
CorrapoDdtDO*  is  Invited  from  tbooe  wbo  CMiDot  be  prcaeDt  at  the  meetbiK,  and  nuy  be 
■ent  by  maU  to  the  aearetary.  DWcumIod,  either  ord  or  written,  will  be  published  in  • 
■ubseauent  number  of  Procttdinot,  and,  wbea  flnsUv  cloeed,  Cbe  papers,  with  diacoMloD 
in  tnll,  will  be  pnUiahed  In  TmimictUm*. 
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of  locks  was  not  to  be  thongbt  of  nnder  H.  de  Leaaope  domination, 
And  ft  Boa-level  oitnal  was  commenced  in  1883. 

Id  1687  it  w»s  ftt  last  decided  that  locks  would  have  to  be  used, 
and  from  that  time  to  the  present,  varions  locations  and  elevfttiosB  for 
the  Deoesaarj  looks  have  been  suggested  and  different  sites  for  the 
great  dam  selected. 

The  New  Panama  Canal  Company  and  the  Istbmian  Canal  Cam< 
mission  of  1899,  the  latest  sntliorities,  agree  in  locating  the  dam  near 
Bohio,  16.6  miles  from  deep  water  at  Colon,  or  9  miles  farther  up 
stream  than  Oatan,  the  location  Buggeated  by  Mr.  Welch  in  1880. 

Farthermore,  the  Isthmian  Canal  Commission  says  in  ita  report 
that  "no  location  suitable  for  a  dam  exists  on  the  Chagres  Birer 
below  Bohio."' 

The  late  Qeorga  S.  Horiaon,  Paet-President,  Am.  Soc.  C.  E.,  a 
member  of  the  Isthmian  Canal  Commission,  commenced  his  paper  on 
the  Bohio  Dam,  which  was  presented  to  this  Society  on  March  5tli, 
1902,t  vith  this  aeutenoe: 

"  All  engineers  who  have  examined  the  route  of  the  Panama  Canal 
agree  that  the  neighborhood  of  Bohio  is  the  only  available  location 
for  the  dam  by  which  the  summit  level  muat  be  maintained." 

Neither  of  these  anthorities  mentioas  or  gives  an;  consideration 
to  the  project  of  a  dam  at  Oatnn,  nor  even  condemns  it;  nor  is  the 
writer  aware  that  any  soundings  or  other  examinations,  looking  to  a 
dam  at  that  point,  have  ever  been  made. 

As  thifl  qnestion  may  be  worthy  of  more  consideration  than  it 
seems  to  have  received,  some  of  ita  advantages  may  be  stated.  The 
canal,  aa  proposed  by  the  latest  authority,  the  Isthmian  Canal  Com- 
mission, may  be  briefly  described  as  follows:  From  deep  water  in 
Colon  Harbor  to  the  Bohio  Xxicks,  the  Atlantic  Maritime  Level,  cut 
mostly  through  the  low  flat  valley  of  the  Chagres,  will  be  16.81  miles 
long.  The  two  Bohio  Locks,  with  a  lift  of  45  ft.  each,  reach  the  Bohio 
Lake,  formed  by  the  Bohio  Dam,  with  a  maximum  elevatiou  of  90  ft. 
above  tide  in  Colon  Harbor  and  an  area  of  88.6  sq.  miles.  Thesununit 
level  thus  attained  extends  through  the  Cnlebra  Cut.  The  distanoe 
from  the  Bohio  Locks  to  the  Culebra  Gnt  is  13.61  miles,  and  from 
thence  through  the  Cnlebrft  Cut  to  the  Pedro  Mignel  Looks  at  the 
farther  end  of  the  level  the  distance  is  7.91  miles.  The  d 
1,  p,i». 
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eombiaed  fall  of  these  two  looks  is  62  ft.  From  Pedro  Higuel  Locks 
a  level  of  1.33  mileB  extends  to  Uireifloree  Lock,  which  has  a  maximtuu 
fall  of  88  ft.  to  mean  low  tide  in  Panama  Harbor.  For  a  dietanoe  of 
4.12  miles  bejond  this  lock  the  canal  extends,  through  the  low  swampy 
conntiy  in  which  the  Bio  Grande  flows,  to  a  point  known  as  La  Boca, 
on  the  edge  of  Panama  Baj.  A  dredged  chanoel  extends  from  this 
point  4.41  miles  to  the  &fatlu>m  line  in  Panama  Bay. 

Allowing  0.90  mile  (or  the  varions  locks,  the  total  length  of  canal 
is  49.09  miles. 

As  to  the  suggested  dam  at  Oatnn,  the  New  Panama  Canal  Com- 
pany has  made  a  contonr  map  of  the  region  where  the  dam  wonld 
probably  be  located,  if  at  all.  This  map  is  reproduced  aa  Plate 
XXI,  and  from  it  the  writer  has  coDstmcted  a  section  on  the  pro- 
posed center  line  of  the  dam.  This  section  indicates  the  snrfoce  of 
the  ground,  bnt,  nnfortnnately,  does  not  show  the  rock  or  other  solid 
fonndation.  If  a  dam  were  bnUt  here,  impounding  the  water  to  an 
elevation  of  90  ft.,  then,  of  course,  the  Bohio  Dam  and  the  locks  and 
spillway  wonld  be  omitted,  and  locks  would  be  built  at  Qatun. 

The  length  of  the  dam  would  be  6  750  ft.,  while  the  leng^th  of  the 
Bohio  Dam  is  2  546  ft.  The  area  of  the  section  is  nearly  three  times 
that  at  Bohio;  therefore,  it  might  not  be  out  of  the  way,  for  the 
present,  to  say  (hat  the  cost  of  the  Oatun  Dam  would  possibly  be 
three  times  that  estimated  for  the  Bohio  Dam,  or  Sl9  108  920.  At 
present,  there  seems  to  be  no  reason  to  think  that  the  locks  would 
oost  more  at  one  place  than  at  the  other,  bnt  the  spillway  should  be 
somewhat  longer,  and  might  cost  more.  There  may  be  a  question 
whether  the  hills  to  the  east  of  Oatnn  are  high  enough  to  contain  the 
Gatnn  Lake  at  an  elevation  of  90  ft.,  but  the  raised  map  made  by  the 
New  Panama  Canal  Company,  a  reproduction  of  which  is  to  be  seen  at 
Columbia  University,  indicates  sufficiently  high  ground.  The  lake 
would  extend  far  up  the  valley  of  the  Bio  Oatun  on  the  west  and  the 
Bio  Trinidad  on  the  east,  and  submerge  the  Ghagree  Valley  for  9  miles, 
including  the  Aqua  Clara,  Pena  Blanca,  Vino  Tinto  and  Bmja  Swamps, 
cover  20  or  30  sq.  miles  of  swampy  land,  and  thus  improve  the  health- 
fnlness  of  the  country.  This  lake  area  added  to  the  38.5  sq.  miles  of 
tLe  Bohio  Lake  wonld  be  a  benefit  in  every  way  and  would  render 
the  Alhajnela  Dam  on  the  Upper  Chagres  unnecessary.  Between 
Oatnn  and  Bohio  the  excavation  of  the  sea-level  canal,  the  Pena 
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ip  outlet  to  Aqns  Clare  Swamp,  the  Cbagres  diTOfiion 
Dlara  Swamp  to  near  Oaton  and  the  divereion  of  the 
would  become  nnneoeesarj,  and  their  ooet  would  be 
se  items  amount  to  9U  686  6M,  a  sum  large  enongh  to 
amed  extra  cost  of  the  Qattin  Dam  and  leave  about 

pay  for  changing  the  line  of  the  Panama  Bailroad  and 
additional  coet  of  the  spillwaj.  If  these  aBeamptioD& 
I  practicable,  the  reealt  would  be  a  better  and  safer  canal, 
of  transit,  and  more  healthj  conditions,  all  at  do  greater 
1  lower  maintenance  cfaargee. 

it  Oatnn,  with  an  elevation  of  90  ft.,  were  found  inad- 
>f  46  ft.  elevatiou  might  be  built  and  the  Bohio  Dam  and 
3.  Then  the  lower  Bohio  Lock  would  bo  omitted  and 
t  Qatun  and  a  spillway  bnilt  there  also.  The  cost  of  the 
Dam  might  be  assumed  at  912  000  000,-  about  twice  the 
it  of  the  Bohio  Dam.  Its  length  would  be  5  160  ft.  The 
Bohio  Dam  would  be  reduced  from  90  to  45  ft.,  and  the 
seepage  greatly  reduced. 

inite  possible  that  with  this  46-ft.  dam  the  total  cost  of 
inld  be  reduced  a  few  million  dollars  below  the  flgnte 

report  of  the  Isthmian  Canal  Commission, 
rom  the  Colon  end  of  the  Canal  to  the  Panama  end,  it 
from  the  Miraflorea  Locks  to  La  Boca,  a  distance  of  1.12 
nal  is  to  be  excavated  at  sea  Ibvel  through  a  low  swampy 
h  occasional  rock,  at  a  cost  of  tlO  963  468.  It  is  sug- 
}lan  worth  consideration,  that  this  lock  be  located  at  La 
dam  and  spillway  be  bnilt  there  and  that  the  4.12  miles 

thus  flooded,  thus  affording  better  and  safer  navigation 
le  had  in  a  narrow  channel.  The  main  dam  would  proba- 
<  long,  with  two  or  three  shorter  dams,  and  might  cost  do 
ke  excavation  of  the  4.12  miles  of  canal  that  would  be 
malarial  swamp  would  be  submerged,  also,  With  the  20- 
M  of  tide  at  Panama,  the  inrash  and  outtnah  of  the  water 
niles  of  sea-level  canal  might  incommode  navigation.  All 
e  done  away  with  if  the  last  look  was  placed  at  Ia  Boca. 
;  to  the  suggested  46-ft.  Qatun  Dam,  with  its  large  lake, 
Cueing  the  elevation  of  the  summit  level  from  90  to  45  ft. 
17 considered.  This  elevation  is  suggested,  as  45  ft.  seetna 
Eimnm  permissible  lift  for  a  lock. 
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The  eleTation  of  90  ft.  for  the  Bobio  Dam  seemB  to  have  been  se- 
lected wiih  reference  to  flood  control  and  in  order  that  the  reenlting 
like  ahonld  have  an  area  large  enongh  to  supply  water  for  lockage, 
MepBge  and  evaporation  during  the  dry  monthe,  without  too  great 
*  change  in  the  elevation  of  the  anrface  of  the  lake. 

The  45-fL  dam  at  Oatnn  would  be  so  mnob  farther  down  stream 
that  it  might  be  expected  to  form  as  large  a  lake  as  the  00-ft.  Bohio 
Bam  and  perform  all  the  functions  of  the  Bohio  Lake. 

With  one  look  at  Oatnn  and  one  at  La  Boca,  each  of  16  ft.  lift,  the 
lockage  would  be  reduced  to  a  minimum,  and  rapiditj  and  safety  of 
tranait  would  be  seonred.  The  cc«t  of  the  modified  project  might  be 
MfoUows: 

Colon  entrance  and  Harbor W, 057  707 

Colon  Harbor  to  Oatun 942  298 

Oatnn  Dam,  Spillway  and  Locks 19  000  000 

Lake  Oatnn,  upper  end  to  Obispo 20000000 

Obispo  gates 296  484 

Culebra  Section 63600000 

La  Boca  Dam,  Looks  and  Spillway 16  000  000 

La  Boca  to  deep  water 1464  518 

Panama  Railroad  diversiou 1  000  000 

129  269  947 
Add  20,V 25  851  989 

Total »166  111  930 

The  estimate  made  by  the  Isthmian  Canal  Commission,  with  the 
anmmlt  level  at  90  ft.,  was  S144  233  36B. 

The  Buggestions  of  24  years  ago  have  thus  been  elaborated  and  pre- 
KDted  in  this  short  paper  in  the  hope  that,  in  the  discussion,  it  will 
appear  whether  examinations  have  been  made,  by  any  of  the  various 
eommiggionB  or  others,  as  to  the  practicability  of  a  dam  at  Oatun,  and, 
if  H),  with  what  result. 

It  it  should  appear  that  auch  examinations  have  not  been  made, 
it  Ib  hoped  that  thifl  paper  will  induce  those  in  authority  to  make  such 
ruminations  before  deciding  upon  the  final  plans  for  the  Panamft 
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THE   COLLAPSE    OF  A  BUILDING  DURING 
CONSTRUCTION. 


By  H.  de  B.  Faksohs,  M.  Au.  Soo.  0.  E. 
To  BE  Pbebbntbd  Max  18th,  1901. 


At  the  request  of  some  of  the  memben  of  the  Society,,  the  writer 
preaente  this  brief  description  of  the  constmction  and  collapee  of 
the  Hotel  Darlington,  with  the  object  of  bringing  out  a  disciMsioD 
which  may  lead  to  improvement  in  the  deeigns  of  snoh  buildings. 

Conslruclion. — The  bail  ding  was  being  erected  on  lots  known  •• 
Nos.  59  and  59}  West  46tb  Street,  Borongh  of  Uanhattan,  aty  of 
New  York.  The  land  meaenred  about  55  ft.  in  width  by  100  ft. 
6  ins.  in  depth.  On  the  eoBt  and  weet  sides,  the  adjacent  bnilding* 
were  of  the  ordinary  construction  (or  residences  —of  brick  with  brown- 
stone  fronts,  four  stories  and  ^lasemeDt  in  height. 

The  Hotel  Dsrlington,  as  the  new  atrnctnre  was  to  be  called,  wm 
being  cottstrocted  on  the  **  cage  "  system,  that  is,  all  the  weight  wu 
supported  on  the  oolttmns. 

The  ontside  walls  were  of  brick,  and  partly  concealed  the  exterior 
row  of  columns.  These  walls  were  continuous  from  the  foundation, 
and  did  not  r«st  on  girders  at  the  floor  levels. 

NuTi,— Tbese  papers  are  Issued  before  Ihe  dale  set  for  pnoeDtation  and  dlscuaAin. 
CorregpoDdence  is  loTllfld  tram  those  irho  cannot  be  preaeot  at  the  meeting,  and  m»  ba 
■put  by  mall  totbe  Secretary.  Dfscualon,  eltber  orsl  or  written,  wUl  be  pubUabadfaii 
•ubaequeot  number  of  Prooetdingi.  wid.  wbeo  Onall;  ckned.  the  papen,  wltli  dUooirioo 
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The  oolamDB  wera  of  cast  irttn,  iritti  end  flangee,  and  with  side 
braoketa  and  Inge  cast  near  tbe  top  to  carry  the  girders.  All  the  ool* 
nmns  were  of  reotangtUar  section,  generallj  vsrjing  from  9  ins. 
square  by  .1  in.  thick,  id  the  basement,  to  6  ins.  sqnare  by  )  in.  thick 
on  the  npper  floors.  Each  column 
had  top  and  bottom  flnngea  oast 
onlj  on  the  north  and  south  sides, 
and  each  flange  had  two  bolts. 
Fig.  1  illustrates  a  tjpical  colnmn. 
The  thioknesa  varied  with  the 
column  position  in  the  bnilding. 
Some  of  the  9-in.  columns  in  the 
basement  were  }  in.  in  thickness. 
Fig.  2  illnstrates  a  typical  colnmn 
fonndation. 

>  The  girders  and  floor  beams 
were  of  steel.  The  girders,  gener- 
ally, ran  east  and  west  across  the 
bnilding.  Tbey  were  supported 
on  the  brackets  cast  on  the  col- 
umns, and  were  bolted  to  the  lugs 
with  two  bolts  at  each  end.  The 
beams,  generally,  ran  north  and 
south,  and  were  bolted  to  the  gir- 
ders by  double-clip  angles  with 
two  or  three  bolts  through  each 
leg  of  the  angles.  The  floor  mem- 
bers were  all  of  rolled  sections — 
X's  and  channels — and  many  were 
marked      "Phtenix    and     "Car-  sinch  column 

negie."  Fig.  S  illustrates  a  typical  ,    saUDtrwt    ^ 

floor  plan  and  shows  the  location        *  *  '  *  * ' 

of  the  columns. 

The  floor  arches  were  of  cinder  concrete,  laid  up  on  the  Boebling 
system.  The  spans  were  variable,  averaging  from  4  ft.  6  ins.  to  more 
than  6  ft.  Tbe  thickness  of  the  arches  could  not  be  determined,  as  all 
of  them  were  destroyed. 


The  bnilding  was  to  haye  been  twelve  stories  and  i 


basement  in 
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The  columns  were  measured  with  calipers  and  ahoned  a  fair  nsi' 
formitj  ae  to  thickness  of  metalon  opposite  sides.  The  variation  was 
abont  i  in.  or  lose. 

In  the  great  majority  of  oases  the  colnmns  broke  at  the  flanges, 
leaving  one  or  both  of  the  broken  flanges  bolted  to  the  corresponding 


COLUMN  FOUNDATION 


Fio,  1. 


dange  of  the  adjacent  storj  oolnmn.  A  few  of  the  columns  were 
broken  at  or  neoi  the  center. 

There  were  no  ribs  cast  on,  to  stiffen  the  flanges. 

The  column  ends  were  faced.  No  shims  were  found  between  the 
ends  of  the  columns. 

The  holes  in  the  column  flanges  were  drilled,  i]  and  {  in.  in  diam- 
eter.    The  bolts  were  1  in.,  and  some  were  loose.     The  holes  in  the 
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of  the  streases  affected  oolj  thoee  portions  of  the  stmctnre  Above  the 
lerel  of  the  original  fractore. 

In  falling,  the  mwia  of  material  from  above  cmahed  down  and 
broke  that  part  of  the  etmctare  below  the  level  of  the  original 
(ractnre. 
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SEtn-ION  ILLUSTRATIKQ  ME 

THOO  OF  COLLAPSE 

Fin.  K. 

The  exterior  oolnmns  did  not  break  off  as  low  down  as  the  interior 
colnniDB,  because  the  mass  fell  awaj  and  did  not  omsh  them  as  it 
crushed  the  interior  ones.  The  nniformitj  in  height  at  wbicli  the 
nterior  eolnmns  broke  indicates  strongly  that  the  primary  fractnre 
awnrred  at  or  about  the  level  of  the  fonrth  floor. 
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Op  tell  into  ftDd  toward  the  "center  of  Ul" 
of  the  stmctare  oollftpsed,  oolamiiB  G 11  ud 
f  the  debris  near  the  "  center  of  fall  "  and  from 
rs  which  originall;  were  connected  at  poinU 
Iding.  Near  the  same  spot,  column  J)  36  ww 
earlj  upright  position.  Of  these  oolnnukB,  the 
center,  and  the  other  two  at  the  flangee. 
ne  ol  the  fitrnctare  was  south  of  the  "center  of 
,  the  northern  or  rear  portion  was  forced  out- 
tel  Patterson.     This  action    ie    illnatrated  is 

original  break  did  not  occnr  on  the  nppermort 
iiaterial  and  the  derrick  mast  and  boom  were 
LBS  of  debris. 

ipsed  beoaaae  of  lack  of  lateral  support  for  the 
ting  them  to  act  as  contiuuona  colnmne  baving 
ast  radins  of  gyration  in  excess  of  the  known 
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PAPERS  AND  DISCUSSIONS. 

TUB  BocIM;  la  not  rcBponalble.  M  •  body,  (or  the  tacu  and  oplDloiu  advanced 
In  uir  of  lU  pnbllcalloiiB. 


THE  LOCATION   OF  THE    KNOXVILLE.   LA   FOL- 
LETTE    AND  JELLICO   RAILROAD,   OF 
THE  LOUISVILLE  AND  NASH- 
VILLE SYSTEM. 
Discussion.* 


Br  UessRS.  Ehclb  Low,  WiUiiau  F.  Watson,  E.  J.  Bbabd,  Walter 

W41BOH,  William  G.  Bayuokd,  F.  Latib,  W.  H.  Covsbdalb, 

Hastxt  Linton  and  W.  T.  Fobsithe. 


Ehiuc  Low,  U.  Ah.  Boo.  C.  E.  (b;  letter).— Th«  writer  spent  about  Mr.  Low. 
nine  yeara  iD  the  section  of  coantry  adjacent  to  that  traversed  bj  the 
KnoiTiUe,  La  Follette  and  Jellico  Railroad,  five  years  of  which  were 
in  the  service  of  the  Norfolk  and  Western  Railroad,  and  the  other  four 
years  with  the  Mathieeon  Alkali  Works,  of  Saltville,  Va. 

In  discaHsing  Ur.  Taylor's  iateresting  paper,  the  writer  desires 
especially  to  confine  liimselt  to  a  description  of  the  Clinch  Valley 
Division  of  the  Norfolk  and  Western  Railroad,  with  which  he  was  very 
prominently  identified. 

During  1B86,  it  was  considered  advantl^;eons  by  the  representatives 
of  the  Louisville  and  Nashville  and  the  Norfolk  and  Western  Railroads 
to  enter  into  closer  commoDication.  Both  systems  controlled  a  con- 
siderable mileage  of  railroad,  bat  were  somewhat  widely  separated, 
the  nearest  points  being  Pineville,  Ky.,  on  the  former,  and  Oraham, 


This  dIscussloD  (of  the  nape 
'or  Februarr.  ISM).  £  prl: 

■ought  before  all  memMi ^  ... 
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ceedingi  for  February.  I(M).  £  printed  In  Proctrdingi  In  order  Uiat  the 


may  be  brought  before  all  members  of  the  Socleiy  tor  further  dlacusstou. 
CommunTr-" .^.-— ,.. .— .. ^__  „.,. _.. 

subsequently. 
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Hr.  Low.  Vs.,  OD  the  latter  line,  the  distauce  sepftratiag  them  being  about  20O 

The  ceotrol  point  was  in  the  vioinitj  of  Big  Stone  Oap,  Va.,  which 
vaa  at  first  selected  ae  the  jnnction  point.  The  junction  was  snbee- 
qnently  changed  to  Norton,  Ya. 

Aa  it  was  considered  expedient  to  hasten  the  oonstrnction  of  the 
"  miBsing  link  "  with  all  possible  speed,  the  authorities  of  the  Norfolk 
and  Western  Bailroad  cansed  a  hasty  reconnaissance  of  their  portion 
of  the  line  to  be  made  late  in  1B86.  The  report  of  this  reconnaissan  .-e 
stated  thtit  appaientlj  a  verj  favorable  line,  as  to  grades  and  align- 
ment, oonld  be  secored,  the  line  after  leaving  Oraham  to  follow  the 
Blnestone  Biret  to  its  head,  a  distance  of  abont  10  miles,  with  a  maii- 
mnm  grade  of  53  ft.  per  mile,  then,  orossing  the  divide  near  SpnoK- 
ville,  Va.,  to  the  Valley  of  the  Clinch  Biver,  which  was  to  be  foUowed 
to  the  month  of  Qnest  River,  a  distance  of  about  90  miles,  with  maii- 
mnm  grades  of  53  ft.  per  mile,  then  ascending  Quest  Biver,  to  Norton 
Va.  (then  known  as  Princes  Flats),  a  farther  distance  of  about  20 
miles,  with  maiimmn  grades  not  exceeding  those  of  other  parts  of  the 
lino.  Shortly  after  the  reconnaisaanoe  was  made,  several  survey 
parties  were  placed  in  the  field.  One,  starting  at  Oraham,  covered 
the  eastern  end  of  the  line  and,  after  reaching  the  Clinch  Kiver,  kept 
to  its  north  bank.  This  preliminary  survey  disclosed  a  decided 
pecnliaritj  of  the  Clinch  River,  in  the  excessive  sinaosit;  ot  the 
stream,  which  for  long  stretches  formed  a  aeries  of  escalops.  The 
same  conditions  existed  at  the  western  end,  especially  near  the  month 
of  Qnest  Biver,  and  along  the  latter  stream. 

The  section  traversed  by  the  Clinch  Y&lley  Division  of  the  Norfolk 
and  Western  Bailroad  lies  on  the  western  slope  of  the  Appalachians, 
which,  in  this  region,  are  made  up  of  many  local  ranges,  the  general 
trend  of  which  ia  abont  8.  60°  W.  The  Clinch  River  flows  mainly  be- 
tween the  CUnoh  Mountain  on  the  south  and  Sandy  Bidge  and  Cum- 
berland Uonntains  on  the  north,  the  latter  being  also  the  general 
southern  limits  of  the  West  Virginia  and  Eastern  Kentucky  coal  fields. 
The  railroad  line  just  skirts  the  edge  of  these  coal  measures,  which  are 
reached  by  short  branch  lines. 

It  was  at  this  particular  stage  that  Mr.  Taylor's  Bale  4*  came 
prominently  into  play.     This  rule  reads: 

"  (4)  Of  making  a  diligent  study  of  the  whole  country,  with  a  view 
of  selecting  a  ronte  with  a  minimam  of  adverse  grade." 

Owing  to  the  extremely  adverae  topographical  conditions  in  the 
valleys,  it  became  absolntely  imperative  to  seek  for  the  most  favorable 
ground,  no  extremely  radical  departure  from  the  selected  route  being 
possible. 

A  new  survey  developed  the  existence  of  a  somewhat  lower  summit 

■ProcMdinfl*,  Am.  Boo.  C.  E.,  February,  1«M,  p.  IM. 
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r.  Lot.  at  the  head  of  Wright  Valle;  Creek,  n  tribntar;  of  Bluestone  Rirer, 
and  the  line  was  transferred  to  the  valley  of  the  former  stream,  a 
mazunnm  non-compensating  ascending  grade  of  47  ft.  per  mile  haTing 
been  adopted. 

Aa  at  the  he&d  of  the  Blnestone  Biver,  the  North  Fork  of  the  Clinch 
River  heads  against  the  source  of  Wright  Vallej  Creek,  and  the  line 
follows  this  fork  to  the  main  river,  with  a  maximum  compensated 
descending  grade  of  68  ft.  per  mile. 

From  the  foot  of  this  grade,  the  fall,  tor  6  miles,  was  comparatively 
light,  being  about  12  ft.  per  mile.  The  river  then  began  to  fall  more 
rapidly,  at  the  same  time  impinging  npon  the  aontbsm  slope  of  the 
Baptist  Valley  Ridge  and  gradually  cutting  throngb  thia  ridge  and  ita 
continuation,  Kent's  Ridge,  at  Cedar  Bluff,  Va.  An  examination  of 
the  profile  (Fig.  6)  shows  that  the  line  leaves  the  Clinch  River  at 
Mile  22.5,  passing  over  what  is  locally  known  as  Tonng's  Snmmit. 
Here  oconrs  the  first  adverse  grade  (after  passing  Tip  Top)  in  a  gen- 
erally descending  grade  of  66  miles.  This  diversion  from  the  river 
was  justified  on  acoonnt  of  the  excessive  cost  of  conatmotion  between 
Pisgah  and  Fonnding  Mill  had  the  river  been  followed  more  closely. 
Between  Founding  Mill  and  Cedar  Blnff,  the  Clinch  Biver  is 
extremely  siunooB,  the  distance  between  two  points  by  river  being 
more  than  twice  that  in  a  straight  line.  Aa  there  was  no  possible 
alternate  route  here,  the  river  was  followed,  entailing  extremely 
heavy  work.     This  section  of  the  line  is  shown  in  detail  in  Fig.  6. 

After  leaving  Cedar  Bluff  the  fall  of  the  river  diminishes,  being, 
for  15  miles,  to  Sword  Creek,  about  140  ft.,  or  less  than  10  ft.  per 
mile.  Although  the  course  of  tbe  river  is  somewhat  sinuous  in 
places,  there  were  no  steep  banks  or  blufb.  At  Richlands  there  is  one 
adverse  grade,  which  oould  have  been  abolished  at  a  comparatively 
slight  cost. 

It  was  the  original  intention,  aa  previously  stated,  to  follov  the 
river  between  Sword  Creek  and  the  mouth  of  Thompson  Creek,  and 
the  first  survey  was  made  on  this  course.  An  examination  of  the 
general  map,  however,  will  show  the  tortuous  windings  of  the  stream 
between  the  points  named. 

North  of  Honaker  there  is  a  high  spur  knowu  locally  as  "  Big  A  " 
Mountain,  the  slope  of  which  is  toward  tbe  south.  Through  the  base 
of  this  mountain  the  river  has  cut  its  way,  leaving  on  the  south  side  a 
range,  variously  known  as  Biver  Monntain  and  also  as  Elk  Garden 
Ridge. 

As  the  cost  of  the  river  line  seemed  prohibitive,  an  alternate  line, 
involving  less  expense,  was  sought.  It  was  fonndtbat  a  stream  called 
Thompson  Creek  paralleled  tbe  river  to  the  north  for  about  8  miles. 
The  headwaters  of  this  stream  could  also  be  reached  from  Sword 
Creek  by  a  cross-country  line,  which  utilized  largely  a  branch  of  Lewis 
Creek. 
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irTejB  of  this  cut-off  developed  the  tact  that  maiimnm  grades  of 
per  mile  could  be  obtained,  bat  in  order  to  aeonre  them  a  tunnel 
ft.  long  would  be  required.  Ah  this  was  coneidered  too  expen- 
n  fefttnre,  the  masimnm  grade  wiis  increased  to  90  ft.  per  mile, 
ludifloBtion  lesnlting  in  redaoing  the  length  of  the  tunnel  to  900 
t  the  Honaker  Divide.  This  change  of  line  resulted  in  two 
:«e  grEideB  of  53  ft.  per  mile  between  Sword  Greek  and  Honaker, 
greatly  inoroBBed  the  ruling  grade  to  the  eastward.  From  the 
h  of  Thompson  Creek  to  St.  Paul  the  line  again  followed  the 
Between  these  places  some  adverse  grades  oconr  at  points 
a  the  line  onts  across  large  bends  in  the  river,  these  grades  having 
adopted  in  order  to  minimize  the  excavation, 
irbaps  the  moat  difficult  portion  of  the  line  waa  the  location 
sen  St.  Paul  and  Coebum.  The  enormous  expense  of  building 
I  up  Gneat  Biver  precluded  this  ronte  at  the  beginning.  Another 
-country  line  was  then  adopted.  This  line,  as  flnallj  developed, 
the  valley  of  Clinch  Biver,  at  Lick  Creek,  above  St.  Paul, 
lally  ascended  the  ridge  forming  the  north  bank  of  the  river 
the  top  was  reached,  near  Creagan  Tunnel,  and  then  following 
ell  Creek,  passing  through  Big  and  Little  Bull  Tunnels  to  the 
re  of  Bull  Bun,  all  of  which  streams  are  tribntariea  of  Clinch 
In  order  to  reach  the  main  valley  of  Bull  Bun  the  lino  passed 
igh  aspurby  means  of  the  Holbrook  Tunnel.  Another  tunnel,  Little 
occurred  at  theheadof  BuUBnn  and  gave  access  to  the  watersof 
a  Tom  Creek,  a  tributary  of  Quest  Biver.  The  total  elevation 
ome  was  556  ft.  in  a  distance  of  10  miles,  oorrespoDding  to  an 
^  grade  of  06  ft.  per  mile,  although  the  maximum  compensated 
i  used  was  90  ft.  per  mil4. 

rom  Little  Tom  Tunnel  the  line  descends  to  Coebum,  with  a 
mum  grade  of  30  ft.  per  mile,  following  the  valley  of  Little  Tom 
[,  until  Queet  Biver  is  reached,  which  stream  is  then  ascended 
irton,  the  maximum  grade  being  53  ft.  per  mile, 
aferring  again  to  the  location  between  St.  Paul  and  Little  Tom 
el  (near  Coebum),  it  may  be  stated  that,  in  order  to  overcomethe 
rith  a  compensated  grade  of  68  ft.  per  mile,  a  grade  line  more 
11)  miles  long  would  have  been  required,  making  neceesary  s 
opment  of  1|  miles  or  more.  The  foot  of  the  grade  could  not 
tiave  been  shifted  to  the  east  of  St.  Paul,  as  this  is  the  proposed 
ing  of  the  Ohio  Biver  and  Charleston  Railroad  (bettor  known  as 
C'a  Bailroad),  where  a  joint  yard  is  proposed, 
order  that  the  heavy  nature  of  the  work  on  this  portion  of  the 
nay  be  more  fully  understood,  a  few  of  its  characteristics  are 
in  Table  No.  1. 

>t  counting  the  smaller  trestles,  there  are  fonr  high  ones,  approii- 
ig  150  ft.  in  height. 
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Mr.  Low.  TABLE   No.   1. 


Nune  or  tunnel. 

Mile. 

Length. 

3 

es 

I  H7-1  547 
1TSG-17M 

1  Tei-1  ne 

reel. 

To  the  ioitiated,  an  isBpectiou  of  the  profile  trest  of  St.  Fanl 
presents  some  vagaries,  especiallj  the  two  well-defined  dips  id  a  loni; 
ascending  grade  line,  Tbe  first  is  caused  by  tbe  crossing  of  Buseell 
Creek,  where  the  present  crossing  is  42  ft.  high.  A  53-ft.  compen- 
sated grside  would  have  made  aecesssry  a  crosaiiig  80  ft.  high,  and 
would  have  iatersected  the  present  grade  line  at  the  east  end  of  Bi^ 
Bull  Tunnel;  or,  to  intersect  the  present  grade  at  the  west  portal 
would  have  required  a  development  of  about  i  mile.  This  lighter 
grade,  undoubtedlj,  would  have  increased  the  cost  of  oonsimction 
between  Creagan  and  Big  Bull  Tunnels,  and  the  amount  of  traffic 
alone  would  determine  whether  such  an  additional  outlav  was 
justifiable. 

Between  Big  Bull  and  Little  Tom  Tunnels,  th^  situation  is  more 
serious.  In  order  to  introduce  a-  compensated  grade  of  53  ft.  per 
mile,  there  would  have  been  required  a  development  of  1  mile  of  lime 
or  a  tunnel  about  1  mile  long  at  Little  Tom  Divide.  The  first  would 
have  increased  the  height  of  the  high  trestles  to  200  ft.,  or  more,  and 
also  wonid  have  added  some  other  highly  interesting  engineering 
features.  Had  this  railroad  been  constructed  on  a  53-ft.  grade,  it 
would  unquestionably  have  been  one  of  the  most  spectacular  on  this 
continent. 

Before  closing,  the  writer  would  lihe  to  add  a  few  remarks  in 
regard  to  the  proper  method  of  conducting  railroad  locetiona.  It  is 
the  practice  to  cut  np  a  proposed  line  of  railroad  into  sections  and 
allot  one  of  these  to  each  survey  party.  This  is  good  as  far  as  it  goen, 
but  the  trouble  is  that  each  party  is  generally  allowed  to  follow  its 
own  bent,  in  fact,  to  roam  at  its  own  sweet  will,  instead  of  filling  in  a 
part  of  a  harmonious  whole.  Bad  locations  also  result  from  improper 
organization,  an  insufficient  number  of  members  in  the  parties,  dele- 
gating to  the  chiefs  of  parties  such  work  as  sitting  np  all  night  in  a 
tent  plotting  the  day's  work,  when  such  duties  ought  to  be  performed 
by  draftsmen,  especially  provided  for  in  suitable  quarters,  as  well  as 
in  daylight. 

With  proper  methods,  surveys  can  be  kept  plotted  up  to  date, 
and  the  locating  engineer  can  thus  have  a  broad  view  of  the  ground 
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he  is  oOTSriDg.  and  also, on  intelligent  idea  of  where  to  ran  additional  ^'-  Low. 
lines,  when  needed  to  cover  donbtfnl  points.     In  addition,  copies  of 
all  notes,  including  traneit,  level  and  topogTapbical  notes,  should  be 
seat  (or  mailed)  to  headquarters,  at  frequent  intervals,  to  be  worked 

This  enables  the  chief  engineer  to  see  what  is  being  done  in  the 
field,  and  also  keeps  him  in  close  tonch  with  all  bis  aisistants.  Thus 
he  oon  give  snch  orders  as  to  changes  aod  improvements  in  the  whole 
line  OH  will  result  in  producing  a  perfect  design. 

WiLLiAif  P.  Watson,  M.  Am.  Soc.  C.  E.  (bj  letter).— Thin  paper  "f  "L^- 
has  been  read  with  much  pleasure.     The  author  is  correct  in  the 
stat-ement : 

"  The  economic  questions  which  determined  that  the  whole  project 
of  construction  was  advisable  may  be  of  more  importance  than  the 
moat  intricate  and  learned  calculation  upon  the  strength  or  efficiency 
of  special  structural  parts." 

By  the  former,  the  economic  success  or  failure  of  the  euterprise  as 
a  whole  is  determined,  while  the  failure  of  the  latter  affects,  generally, 
only  one  part,  and  often  a  very  small  part,  of  the  whole  enterprise, 
and  can  be  remedied  easily  by  a  more  skilful  and  complete  structure. 
For  this  reason,  a  skilful  and  scientific  location  of  any  given  line  of 
road  is  very  rarely  appreciated.  As  formerly  stated,  the  work  of  the 
*  locatilig  engineer  may  determine  the  success  or  failure  of  any  given 
enterprise. 

Of  course,  the  determination  to  construct  a  line  between  two 
termini  is  the  province  of  the  executive  branch  of  the  road,  but,  even 
for  this  purpose,  who  can  be  a  better  adviser  than  the  skilled  engineer? 
After  this  has  been  determined,  there  rome  the  minor  economic  ques- 
tions of  the  selection  of  the  route,  wherein  must  be  considered:  First, 
the  best  route  for  traffic  and  the  probable  volume  thereof;  and  second- 
ly, the  varions  questions  as  to  the  proper  gradients,  dietaoce,  rise  and 
fall,  and  curvature,  their  degree  of  importance  being  in  the  order 
named.  The  tirst  affects  the  revenue  of  the  road,  and  the  last  four 
Affect  the  yearly  operating  expenses,  or  the  profits  of  the  enterprise. 
They  are  as  legitimate  and  proper  subjects  of  consideration  by  the 
locating  engineer  as  is  the  first  cost  of  the  construction;  for  they  are 
taken  care  of  bj  the  annual  operating  expenses  and  the  latter  by  the 
annual  interest,  or  fixed  charges;  and  yet  what  great  sums  are  spent  on 
railway  construction  without  even  considering  any  of  these  questions, 
except,  probably,  gradients.  The  writer  has  known  chief  engi- 
neers, who,  after  the  ruling  gradient  had  been  decided  upoti  (proba- 
bly by  the  executive  department,  or  management,  from  what  it  wanted 
and  not  from  a  scientific  study  of  the  subject),  appeared  to  attach  no 
importance  to  the  other  qnestiooB,  indeed,  had  no  thought  or  opinion 
upon  them;  and,  when  a  comparison  between  any  two  lines  was  made, 
almost  invariably  took  the  line  that  showed  the  cheaper  construction. 
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'.  P.  no  matter  if  obtained  by  almost  any  eicesa  of  diatanee,  rise  and  fall,  or 
curvature.  And  yet  such  men  are  entrusted  with  worka  of  great  mag- 
nitude, amounting  to  tbouBands  and  millions  of  dollate.  It  ie  only  the 
abouading  prosperity  of  the  nation,  and  not  the  skill  of  the  engineer, 
which,  when  eucb  methods  are  allowed,  makes  an  enterprise  a  sncct«s 
instead  of  a  failure.  It  is  therefore  relresbing  to  eee  a  location  in 
which  such  questions  have  been  considered. 

The  writer  has  giTen  the  paper  only  a  hasty  examination,  bnt  notes 
the  following  points: 

Adverse  Grade.— It  would  seem  that  the  author  has  given  an  undue 
and  disproportionate  weight  to  the  subject  of  adverse  grades,  and  has 
fallen  into  the  common  error  of  adding  up  all  the  rises  and  falls,  no 
matter  how  small,  for  any  two  compared  lines,  and  giving  the  prefer- 
ence to  the  one  having  the  greater  aggregate  total.  This  may  be  veiy 
fallacious,  as  that  showing  the  lesser  may  have  all  its  rises  and  falls  in 
two  or  three  long  stretches  of  10  000  ft.  or  more,  and  be  very  objec- 
tionable, while  the  other  may  have  an  undulating  grade  with  numer- 
ous short  rises  and  falls,  of  less  than,  say,  30  or  40  ft.,  so  arranged 
that  tra£Bc  can  be  handled  as  cheaply  as  on  a  level  grade,  npoD  the 
theory  of  "  momentum  or  velocity  grades"  which  is  illustrated  as 
follows: 

Theory  of  Momenlam  or   Velocity  Grades. — A  constant  power   (the 
locomotive)  is  applied  to  overcome  the  train  resistance,  then  tbe  no-  ' 
dulations,  or  various  rises  and  falls,  are  overcome  by  the  momeotum, 
or  stored  energy,  which  is  increased,  or  stored  up,  on  the  deeoeuts  and 


given  off  on  the  ascents,  as  illustrated  in  Fig.  9.     This  is  what  engine 
men  mean  by  the  expression  "  taking  a  run  at  a  hill." 

Fig.  9  represents  the  profile  of  an  imaginary  line  whereon  a  locomo- 
tive is  supposed  to  be  able  to  haul  a  train  on  a  level  grade  at  30  miles 
per  hour  and  to  exert  the  same  tension  upon  the  draw-bars  up  and 
down  hill,  the  alignment  being  arranged  so  as  to  allow  of  very  fast 


b,GoogIc 


DIBCUBSIOH   OS   BAILBOAD  LOCATION. 


401 


speeds.    The  catcnlation  of  the  different  speeds  is  illustrated  in  Table  Mr. 

No.  2.  "" 

A  train  in  motion  at  30  miles  par  hour  has  a  potential  lift  of  32  ft., 

TABLE  No.  2. 


Mile. 

ElevaMoD  (or  lirt>. 
In  feel. 

elevation  of 

Baim  anrt  aummlts, 

to  be  added  or 

inibtracCed. 

in  feet, 

8.0 
M.S 

apeed.  Id 

lOntbetralnhasaapeed 

».,   "<»—»"■"•■«> 

m.R  Ilif  t  due  to  TO  mile  flpeedj 
e.Olli  tduetolS-mlleepeedi 
M.Sill  C  due  M  (kt-mlle  speed  1 
K.oiUftduetoi-t-milpgpeed) 
94.0  (Uf  L  due  to  Sl-mile  Bpeedl 

ip::E 

BO 

iis.i 

•Original  potential  lift,  d 


a  speed  of  80  miles  per  > 


Thas  the  fable  sfaowa  that  at  Mile  115.1  the  speed  is  30  miles  pet 
lionr,  or  the  original  starting  velocitj. 

Is  it  not  evident  that  a  road  constnicted  on  such  a  profile  can  be 
worked  as  cheaply  as  an  eqniTalent  level  road  (except  for  the  practi- 
cally immeasurable  wear  and  tear  on  track  and  rolling  stock  dne  to 
varying  speeds),  and  with  actually  no  more  application  of  power, 
provided  the  velocities  can  be  maintained  safely? 

The  writer  would  not  advise  carrying  this  to  the  extent  suggested 
by  Wellington,  that  is,  using  grades  greater  tban  the  maximum,  in 
these  sags  and  rises,  for,  although  this  is  correct,  theoretically,  it 
pre-snpposesalways  an  unobstructed  track.  While  this  may  generally 
be  so,  it  may  not  always.  Suppose  tbe  grades  on  each  side  of  the 
sag  at  Hile  102.2  were  beyond  the  maximum.  Is  it  not  apparent  that 
any  obstruction  necessitating  a  stop  then  would  stall  tbe  train  and 
impede,  or  tie  up,  tbe  traBBo  for  tbe  entire  division,  invatidating  all 
ita  flne-Bpun  theories  and  elaborate  calculations?  A  slippery  rail 
near  the  sutnmit  might  have  the  same  effect,  for,  though  this  might 
not  interfere  with  the  potential  lift,  it  would  interfere  with  tbe  con- 
stant force,  the  locomotive,  because,  with  freights  especially,  the 
ability  to  start  a  given  load  up  any  grade  limits  the  amount  of  that 
load,  and,  if  it  were  not  for  tbe  elasticity  in  the  springs  of  the  couplers, 
it  is  doubtful  whether  an  engine  conld  start  a  load  which  it  could 
readily  pull. 

This  would  indicate  that  these  sags  conld  be  made  SO  or  90  ft.,  but 
the  line  must  bo  located  for  its  weakest  member,  which  would  be  a 
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9ir.  w  P.  freight  of  40  or  50  cub,  with  epeeds  of  from  15  to  30,  er  25  to  40,  miles 
per  hour. 

With  speeds  of  from  15  to  30  miles  per  hour  the  safe  sag  would  be 
(3.0'  X  3.55}  —  (1.5*  X  3.55)  =  24  ft. 

With  speeds  of  from  25  to  40  miles  per  boor,  the  safe  sag  would  be 
(4.0*  X  3.55)  —  (2.5*  X  3  55)  =  35  ft. 

Therefore,  a  line  located  with  an  undulating  grade,  containing 
sags  uot  exceeding  30  ft.,  or  on  special  occasious  40  ft.,  would  be 
within  safe  limits,  provided  the  ruling  grade  were  not  exceeded. 

The  foregoing  calculations  are  dependeut  on  the  abilitj  to  main- 
tain fast  speeds.  Therefore,  anything  which  would  interfere  with  this 
should  be  avoiiled.  A  sharp  curve  at  the  bottom  of  a  sag,  eaj  at  Mile 
102.2  in  Fig.  9,  would  not  be  permissible.  Snch  a  curve  half  way 
down  would  not  be  as  objectionable,  or  conld  be  introduced  at  a  sum- 
mit without  barm,  if  properly  compeDsated. 

Distaiiix.—Tho  author  has  bsrdly  given  due  weight  to  the  question 
of  distance,  aD(l  the  writer  is  not  sure  that  the  advantages  attaine<l  are 
snfflcient  to  compentiale  for  the  lengthening  of  the  line  about  11  miles 
more  than  that  of  the  Southern.  The  operation  of  an  increased  dis- 
tance of  this  extent  will  probably  cost  an  additional  50  cents  per 
train-mile.  The  eoHt  for  10  trains  daily  each  way,  at  81.08  per  train- 
mile  (the  cost  on  the  Louisville  and  Nashville  System),  is  calculated 
as  follows: 

50  X  865  X  81.08  X  2  X  10  trains  =  $4  042  per  year  added  to  gen- 
eral operating  expenses  for  one  train-mile,  and,  for  1 1  miles,  this  makes 
«44  462,  which,  capitalized  at  i%  per  year,  Jfives  $1  111  550. 

Thus  it  would  be  justifiable  to  expend  on  first  construction  more 
than  $1  000  000  to  save  this  distance. 

Now,  from  an  examioation  of  Fig.  2.  it  looks  as  it  this  excess  dis- 
tance was  loi^t  between  Knoxville  and  La  Follette,  and  it  also  appears 
that  a  1%  line  could  be  obtained.  Suppose  such  a  line  to  have  been 
located,  following,  in  tbe  main,  the  ijonthern  from  Knoxville  to  the 
Clinch,  then,  which  seems  to  be  the  natural  route,  up  the  Clinch  to 
Big  Creek  and  up  latter  to  La  Follette.  It  is  generally  cheaper  and 
better  to  keep  the  railroad  line  as  near  the  natural  drainage  ways  as 
practicable.  This  would  also  have  had  the  advantages  of  opening  ■ 
new  and  unoccupied  territory.  The  selection  of  the  line  through  La 
Follette  and  from  there  to  Jellico  seems  to  have  been  eminently  wise 
and  correct. 

This  supposed  line  between  Knoxville  and  the  Clinch  would  have 
about  the  same  rises  and  falls  as  the  Southern,  the  extreme  elevation 
of  any  point  being  about  the  same  as  that  of  the  Knoxville,  Ia  Follette 
and  Jellico  Railroad  between  the  same  points,  But  the  former  has 
the  additional  rise  and  fall,  out  of  and  into  the  valleys  of  Beaver  and 
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Bull  Ran  Creeks,  which  amount  to  about  125  ft.  for  the  former  and  Mr.  w, 
225  ft.  for  the  Utter,  or  a  total  of  about  350  ft.  Now,  in  contioiionB 
stretches  of  100  ft.  and  more  such  riaea  and  falls  add  to  the  jearlj 
operating  expenaea  S1.S5  per  foot  of  rise  and  fatl  per  train-mile,  or, 
for  thia  line,  with  the  asaamptioii  of  10  trains  per  day,  each  way,  and 
SI.  08  per  train-mile,  this  would  be 

«1.85  X  10  X  2  X  1.08  =  839.96, 
which,  capitalized  at  i%  per  year  =  S999.     That  is,  it  would  be  jnatifl- 
able  to  spend  abont  91  000  per  foot  to  eliminate  the  rises  and  falls. 
The  comparison,  with  the  increase  in  yearly  operating  expenses,  for 
the  two  items  of  distance  and  rise  and  fall,  capitalized,  is  as  follows: 

Mtf  Present  KacxtUie,  Ln  FoUette  and  Jellico  Railroad  Location. 
To  10*  miles  distance  (increased)  at  811)0  000 

per  mile $1000  000 

FirHt  cost  of  excess  10  miles,  say  860  000 600  000 

Total  excess  of  present  location 81  600  000 

Supposed  Loc'lion. 
To  350  ft.  of  rise  and  tall  at  81  000 350  000 

Total  in  favor  of  supposed  location  81  250  000 

This  is  upon  a  IJ'n  (or  53  ft.  per  mile)  ruling  gradient. 

But  the  present  location  is  adapted  for  a  ruling  gradient  of  35  ft. 
per  mile  on  all  south-bound  traffic,  and  the  cost  of  putting  this  sup- 
posed line  upon  this  basis  should  be  deducted-  Now,  it  seems  highly 
probable  that  by  constructing  heavy  tunnels,  say  two,  i  (JOO  ft.  long. 
through  the  summits  of  Copper  and  Chestnut  Itidges,  this  could  be 
accomplished.  It  would  look  as  if  it  would  be  belter  to  have  a  helper 
for  the  Bull  Bun  Valley,  the  grade  tor  which  could  be  1.55%,  or  S'i  ft. 
per  mile,  two  engines  hauling  upon  this  what  one  would  haul  on  a 
0.65^  grade.  One  engine  would  be  sufiBcient,  as  the  distance  would 
be  only  4  miles,  and  only  south-bound  trains  would  have  to  be  helped. 
Again,  probably  5  miles  of  extra  line  would  have  to  he  built  for  the 
Oliver  Springs  Branob,  and  would  probably  cost  830  000  per  mile. 
There  would  also  be  two  larger  tunnels.  The  helper  engine  and  the 
1.55^  grade  would  probably  bring  th'e  question  of  rise  and  fall  under 
the  rule  of  momentum  grades,  and  eliminate  the  question  from  the 
comparison  entirely.     The  mile  of  distance  allowed  for  development 

•  Onlv  10  miles'  increase  la  cbarESd,  as  ]  mile  nuf  beloat  in  developlog  the  auppasefl 
line  lo  a  f^  grade, 
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P-  would  be  reduced  probably  aa  mnch  as  |  mile.     The  statement  would 
then  compare  about  ae  followe: 
To  excesB  cost  of  present  locatioa  (as  before) 91  250  000 

For  reducing  the  proposed  1%  line  t<ia 
65%  line  for  soath-bound  business: 

2  tonnelB  (8  000  ft.)  at  «100 8800  000 

1  helper  service  (the  anthoc'e  cost  ie  as- 
enmed  for  this,  thongh  it  is  thought  to 

be  high) 350  000 

Branch  to  Oliver  Springs,  6  miles  at  830  000.  150  000 


81300  000 


Bnt  from  this  is  to  be  deducted  the 
following: 
360  ft.  of  rise  and  fall  saved,  at 

81000 8350000 

I  mile  of  distance,  including  cost 
of  construction 60  000 


Balance  in  favor  of  the  proposed  line $360  000 

It  such  a  change  could  have  been  made,  on  the  foregoing  basis,  it 
should  have  been  done,  as  this  is  bound  to  be  a  link  in  the  main  line, 
and  subject  to  severe  competition.  There  is  also  the  probability  of 
the  traffic  increasing,  thus  making  the  comparison  continnallv  more 
favorable  than  that  given. 

Of  course,  the  foregoing  is  merely  a  supposititious  case,  and  might 
be  wholly  impractical  ot  realization  in  the  field,  but,  at  least,  it 
ahows  the  danger  of  ignoring  such  an  important  economic  question 
as  11  miles  of  increased  distance. 

Ruling  Gradient — In  the  author's  treatment  of  this  point  he  is 
slightly  in  error.  In  the  first  place,  it  is  improper  to  assume  that 
trains  are  not  fully  loaded,  for  it  is  the  duty  of  the  management  to 
see  that  the  power  is  used,  up  to  its  full  safe  capacity,  thus  obtaining 
the  greatest  economy.  If  the  grades  or  traffic  in  one  direction  are 
different  from  those  of  the  other,  as  they  are,  almost  always,  this 
must  be  made  up  by  the  size  or  number  of  trains. 

Secondly,  while  opierating  expenses  may  vary  directly  as  the  train- 
mileage,  they  do  not  vary  as  the  number  of  trains.  This  is  ehown  in 
Table  No.  3. 
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TABLE  No.  3.- 

ToNNAOE  TO  Hakdu  the  Sahb  Traffic,  hfon  1  Mile  of  Rail- 
BOAD,  Dub  Sot^lx  to  an  Inckeabe  in  thb  Maxihcm  ob  BrLina 
Gb.u>ient. 
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Bepair*  snd  renewalB  of  shop  mnohlDery  and. 

Stationery  an  J  printioB 0 

OtHernpenaM '    0 

6:oT5o6 

O.OIiSSS 

CoNDDcrma  TuKSPoarATloH. 

OtherBUppllea 1    0 

8alAi1e»otKeDe™ionieers,iQmirftnoe,law.eli;J    0 
and  capllallzlng  at  i!i    per  annum,  chel 
matlDg   tbe  Sihy  engine   run  to   be  liol 
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P.  Thirdly,  it  seems  to  the  writer  that  S2  900  000,  the  reanlt  of  tie 
aathor'a  calculation  for  the  saving  bj  the  change  in  the  ruling 
gradieot,  is  fully  one-half  too  large,  and  that  the  method  shova  in 
Table  No.  3,  which  ia  practically  Wellington's  method,  ia  the  better. 
The  writer  has  taken  the  annnalop«ratingefaeetof  the  MisHOnri  Pacific 
Bailway  for  1902,  which  will  serre  as  a  standard,  and  has  reduced  the 
variona  items  to  percentages,  the  gross  total  being  nnity. 

The  value  or  percentage  in  Table  No.  3  ($0.48B06)  is  for  one  train  one 
way,  bat  if  a  change  is  made  in  the  maiimam,  or  ruling,  gradient,  it 
affects  the  load  on  the  entire  division,  which,  for  convenience,  maybe 
called  100  miles  long. 

Therefore,  to  doable  the  eo  gin e- toon  age  to  haul  the  same  traffic, 
doe  solely  to  a  change  in  the  ruling  gradient,  on  a  division  100  miles 
long,  will  cost  948.806  per  101)  train-miles  per  day,  or  S48.806  X  365 
=  $17  894.20  per  annum;  or,  as  the  train-mile  on  the  Louisville  and  . 
NashviUe  costs  81.08,  this  will  be  817  894.20  x  IM  =  819  325.70  for 
increase  of  1  engine-mile,  or  100^^  per  year  per  daily  train  one  wav 
onlj. 

Now,  an  engine  will  pall  TS*"^  as  much  on  a  l?i  grade  as  upon 
a  0.65?^  grade,   or,  to  haul  as    much,   will    increase    its  mileage. 

- — TT  _„  '-    =  0.369  per  cent.     But  an  increase  of  1  engine-mile,  or 

100?^  per  year  per  daily  train  (or  a  100-mile  division,  is  819  325.70, 
aod  for  a  TD-mile  division  and  10  trains  daily,  one  way  only,  this 
change  will  be  worth  819  325.70  X  0.369  X  0.79  "x  10  =  «.?5  511  saving 
in  the  operating  expenses,  which,  capitalized  at  4,V  per  annum,  gives 
a  capitalized  saving  of  SI  3H7  TT5  by  changing  the  mling  gradient 
from  l^V  to  0.65  per  cent.  But  even  this  saving  would  frilly  warrant 
the  change,  which,  therefore,  was  a  wise  and  proper  one. 

It  is  manifest  from  an  examination  of  Table  No.  3,  showing  tbe 
operating  evpenses  of  the  Missouri  Pacific  Bailway,  that  there  are 
many  items  therein  which  are  not  affected  by  an  increased  train 
service,   as,   for  instance,    general   expenses,   superintendence,  etc.. 

Feriiail  Ciirrea. — For  a  link  in  a  main  line,  when  fast  spwedsare 
deeired  and  expected,  a  gradation  of  0.05  ft.  per  station  (100  ft.)  in 
sags  and  0.10  ft.  at  summits  makes  a  better  and  more  easy  traneition 
than  those  mentioned  by  the  author.  Some  recommend  even  a  flatter 
curvature,  but,  with  the  present  general  use  of  springs  in  couplers. 
0.05  and 0.10  ft.  are  snfBcient. 

Tianxilion  Spirals.  —A  spiral  increasing  1°  in  60  ft.  is  too  short  for 
a  line  of  this  character,  an  it  is  suitable  only  for  a  speed  of  about  36 
miles  per  hour. 

The  writer  believes  that  very  seldom  has  a  lioe  received  snch 
thought  and  study  regarding  the  main  questions  of  location — the  eco- 
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noraic  qaeationa — aqd  the  author  deseTvee  great  credit  for  laying  it  >ir.  w. 
before  the  3ociet;  so  txxlly.    The  writer  regrets  that  time  preventa  him 
from  goiDg  iDto  the  sabjeot  more  thoroDghly. 

E.  J.  Bkabd,  M.  Ah.  See.  C.  E.  (by  letter).— This  paper  is  dedi-  "^  ^ 
cated  primarily  to  the  young  and  isexperieticed,  aod,  therefore,  it  ia 
important  to  call  attention  to  some  etatements  and  com pntat ions 
wherein  the  antbor,  in  setting  forth  some  of  the  consid era! ions  which 
determined  important  steps,  han  eTidentiy  committed  errora,  the 
pointing  ont  of  which,  it  is  hoped,  will  prevent  some  of  the  dedicatees 
from  falling  into  the  same  mistake. 

It  ie  not  trne,  ae  the  author  states  and  applies,  that  the  "  operating 
expenses  vary  directly  as  the  train -mile  age,"  for  only  a  part  of  the 
total  operatiog  expenses  is  affect eii  by  the  addition  or  deduction  of  one 
or  more  trains.  It  is  not  necessary  to  enter  into  history  to  verify  this 
statement,  as  all  railroad  engineers  (and,  for  that  matter,  all  operating 
officials)  should  be  thoroughly  familiar  with  the  principles  underlying. 
and  so  admirably  net  forth  in,  the  work  of  the  late  A.  M.  Wellington. 
M.  Am.  8oc.  C.  E.  While  the  percentage  cost  of  each  item  of  expense 
to  the  cost  of  a  train-mile,  as  contained  in  Wellington's  "Economic 
Location,"  is  not  strictly  correct  at  this  date  (due  to  change  in  condi- 
tions), his  tabulations  can  be  quickly  brought  up  to  date  by  the  ap- 
plication to  tbem  of  the  data  found  in  detail  in  the  reports  of  the 
various  State  Railway  GommiKsioners,  tie  unnnal  reports  of  various 
railroads,  or,  sufficient  for  all  practical  purposes,  from  the  work 
quoted  by  the  author." 

Wellington  states  that  some  50?o  of  the  coat  per  train-mile  is  af- 
fected by  an  increase  or  decreawe  in  the  number  of  trains.  While 
there  ia  some  variation,  under  ordinary  conditions,  in  the  cost  of  each 
item  since  Wellington  wrote,  his  figure,  5Q°y,  is  not,  at  this  date, 
very  far  wrong  when  the  change  (i.  e.,  the  increase  or  reduction  in 
train-miles)  is  considerable,  but  when  such  a  small  reduction  in  the 
number  of  trains  is  accomplished,  as  by  the  author  on  the  road  in 
question,  it  is  doubtful  if  the  change  would  amount  to  more  than  35 
or  40%  of  the  average  cost  ($1.08)  per  train-mile  on  the  Louisville  and 
Naahville  Railroad. 

The  statement  that  he  ie  conservative  in  adopting  this  cost  per 
trais-mile,  and  in  justifying  the  statement  by  referring  to  the  cost  per 
train-mile  on  the  Dulnth  and  Iron  Range  and  the  Duluth,  Mesaba 
and  Northern  Railroads,  is  hardly  to  be  considered  true  after  looking 
into  the  operating  conditions  shown  by  the  statistics  of  these  roads, 
coupled  with  a  belief  in  the  very  different  operating  conditions  of 
each.  From  the  United  States  Statistics  of  Railways,  tefore  refetred 
to,  the  percentage  cost  per  train-mile  of  the  four  grand  divisions,  re- 
ferred to  tbe  total  cost  of  a  train-mile,  is  as  shown  in  Table  No.  4. 

•  '■  StAtiatlcH  of  BaliwajB  In  tbe  Uailed  SlaUs."  compiled  by  Ibe  Iater8tat«  Com- 
merce Commlukm. 
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Thia  table  shows  that  tfae  exceeeiTe  cost  of  maintenance  of  way  and 
eqnipment  (notably  the  former),  compared  with  that  of  transporta- 
tion, is  exceisive  as  compared  with  that  shown  for  the  LonisTille  and 
Naahville.  Although  the  writer  is  unfamiliar  with  any  of  the  roads 
named,  it  would  seem  evident  that  climatic  end  other  oonditione  on 
the  Michigan  roods,  compared  with  those  on  the  Louisville  and  Nash- 
ville, are  the  cause.  There  is  nothing  iu  the  paper  to  indicate  excec- 
sive  maintenance  expense,  and,  no  donbt,  it  will  at  least  average  with 
that  of  the  system  of  which  it  is  a  part,  which,  it  is  ventured  to  sav. 
varies  little,  mile  for  mile,  in  the  items  of  expense  affected  bj  trains 
or  engine,  when  the  number  of  trains  is  equal. 

There  are  seemiufdy  several  reasons  why  the  average  train-mile 
cost  on  the  road  in  question,  if  it  had  been  built  on  a  1%  maximum, 
should  not  be  any  higher  than  the  general  average  of  the  Louisville 
and  Nashville.  Une  is  that  there  are  many  items  included  in  the  cost 
per  train-mile  (which  is  merely  the  unit  of  the  grand  total  of  the 
operating  expenses  of  a  great  system,  and  includes  many  items,  snch 
as  general  officers,  general  office  forces  and  other  expenses),  which  will 
not  in  any  wise  be  affected  by  the  addition  of  this  small  milei^e  to  the 
total  of  the  road.  In  other  words,  it  is  not  reasonable  to  assnme  that, 
when  the  cost  of  operation  per  train-mile  on  3  000  miles  of  road  is 
$1.08,  the  addition  of  79  miles,  over  which  is  to  pass  the  same  average 
train-tonnage  per  annum,  will  increase  the  annual  operating  expenses 
by  the  annual  train-miles  on  79  miles  at  SI. 08  per  train-mile.  What 
has  been  said  indicates  the  wide  reasoning  necessary  to  be  conserra- 
tive,  and  to  be  so  that  something  less  than  SI. 08  would  be  likely  to  be 
in  order.  However,  to  show  more  fnllr  the  wrong  results  arrived  at  by 
the  author,  that  flguro  will  be  used  later. 

The  author  titates  that  it  woe  "in  no  wise  certain  that  the  l^lf 
grade  would  be  used  as  a  helper  grade."  How,  then,  is  he  justified 
in  recommending  the  expense  of  reducing  the  other  two  1^  grades  to 
0.65  per  cent  V  The  truth,  no  donbt,  is  that,  whatever  the  number  of 
trains,  they  will  (as  far  aa  it  is  safe  for  the  engineer  to  go)  practically 
all  arrive  at  the  foot  of  the  hill  loaded  to  require  a  helper,  as  the 
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operating  department  nill  hold  for  (all  train  loads,  unless  the  anbal'  Ur,  Beard. 
ancing  of  traffic  shonld  ocoasionally  require  return  of  power  to  the 
other  end — an  exigency  nnsttfe  to  figure  on— and  the  only  proper 
thing  to  do  is  to  finpire  on  pushing  all  the  trains  estimated  to  be 
required  for  the  traffic  to  be  handled.  Again,  why  rnn  the  helper 
engine  4  miles  more  than  the  length  of  the  helper  hill?  It  shonld 
not,  and  is  not  likely  to,  be  done,  as  it  would  give  Iti  or  IT  miles,  say 
(with  properly  located  sidings),  as  thelength  of  the  helper's  ronndtrip, 
instead  of  24  miles  and  forS  trains  per  day,  or,  with  halt  that  nnmber 
on  Snndaya,  46  104  engine  miles  per  annnm.  The  author  also  wrongly 
states  that  i  trains  on  the  0.&b%  grade  will  handle  the  same  tannage 
AS  6  trains  on  the  1%  grade,  representing  a  decrease  of  33J^^  in 
engine-  or  train-  mileage,  when  the  relation  between  the  grades  in  this 
respect  is  a  rednotion  of  27  per  cent.  While  this  is  true,  probably  a 
reduction  to  ti  trains  should  be  estimated  on  instead  of  the  exact 
ratio,  T.3. 

From  the  foregoing  data  is  obtained  theannnal  saving  in  operating 
«xpenses  due  to  the  reduction  in  the  number  of  trains,  as  follows. 

20%  of  20  trains  (10  each  way  per  day)  x  35%  of  81.08  x  79  miles 
X     39  days  per  year  =  $10  492.87. 

This  sum,  capitalized  at  i%,  gives  but  $1  012  322,  a  snm  vastly 
less  than  that  arrived  at  by  the  author. 

In  determining  the  effect  the  operation  of  the  helper  engine  will 
have  on  transportation,  maintenance  of  way,  and  equipment  expenses, 
it  wonld  have  been  better  to  have  obtained  the  data  from  the  Htatistics 
of  the  Lonisville  and  Nashville  instead  of  taking  those  of  the  PenDsyl- 
vania  Company,  whero  conditions  of  operation  are  distinctly  different, 
and  adaptable  to  but  few  roads  in  this  couutiy.  In  lieu  of  nothing 
better  than  the  "Statistics  of  Bailways,"  those  con  be  used,  which,  no 
doubt,  confoim  closely  enough  for  the  purpose  to  the  conditions  that 
wonld  be  encountered.  Obtaining  therefrom  the  following,  as  the 
percentage  per  train-mile  of  operating  items  affected  for  maiDtenancc, 
equipment  and  transportatioD  (except  wages)  gives: 

Repairs  and  renewals  of  locomotives. . . .       7.3    per  cent. 
Superintendence  and  general  expenses. .       0.6         " 

Fuel 10.8         " 

Water 0.65 

Oil  and  waste 0.35       " 

Other  supplies 0.2         " 

Telegraphing  and  despatching 1.1  " 

Total 21.0    percent. 

It  is  no  doubt  true  that  the  expense  of  these  items,  in  the  case 
of  a  helper  engine,  would  vary  somewhat  from  the  general  average 
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Mr.  B^rd.  p[  a  road  eogine  of  the  same  pattern,  bnt.  in  viev  of  the  eeTere  and 
erratic  seirice  required  of  the  helper,  it  would  probably  be  more  thui 
for  a  road  engine.  » 

The  aasnmption  that  half  of  the  maintenance-of-iray  expenses  ia 
dne  to  engines  alone  is,  to  eay  the  lea^t,  a  cmde  method,  if  one  Btopi 
to  think  of  how  the  introduction  of  a  helper  would  affect  in  any  mwi- 
uei  whatever  most  of  the  items  making  up  the  total  of  such  expensea, 
except  as  to  roadway,  rails  and  ties.  Probably  something  like  one- 
half  of  that  proportion  of  the  rail  wear  due  to  trains  is  due  tothe 
engines  alone,  but  that  ratio  does  not,  as  assumed  by  the  author,  apply 
to  any  of  the  other  items,  and  the  most  that  can  be  charged  to  mainte- 
tenance  of  way  is  aomething  like  the  following: 

Renewals  of  rails 1     cent, 

Repairs  to  roadway 3     cents, 

Ties 0.6  cent, 

Switches  and  sidings 0.4     " 

MiacellaneouH 1        " 

Total 6.0  cents, 

or  abont  one-half  the  author's  estimate.  The  coincidence  of  the  tolil 
of  transportation,  and  maintenance  of  way  and  equipment  about  equal- 
ling the  author's,  of  coarse,  has  nomeaning.  His  erroneous  reasoaiDg 
would  give  an  error  of  ±  25  cents  per  train-mile,  or  about  50%"  in  sncli 
a  case  as  the  Dulnth,  Mesaba  and  Northern.  Summing  aptheseitemg 
gives,  aa  the  annual  cost  of  one  doubte-crewed  helper  engine,  the 
following: 

Interest  on  SI4  000,  cost  of  helper  engine,  at  4 

per  cent 8660 

Annual  wages  of  crew 3  744 

46  104  train-miles  at  27  cents 12  448 

Total tl6752 

This  is  somewhat  nearer  the  annual  cost  of  a  helper  engine,  which, 
by  the  writer,  is  almost  invariably  estimated  at  S18  000  per  annum, 
and.  in  view  of  the  many  non-estimable  objections  to  the  use  of  a 
helper,  is  none  too  large.  To  draw  attention  to  what  some  of  these 
non-estimabte  objections  might  consist  of,  take  this  8-mile  helper  bill. 
It  will  l)e  found  in  practice  that  8  freight  trains  per  day  each  way  is 
abont  the  limit  of  one  helper's  capacity  on  such  a  hill,  and  its  use  will 
tend  to  delay  trains  at  the  foot  of  the  grade,  delay  meetings  at  other 
places,  and  generally  interfere  with  the  even  operation  of  the  road,  in 
comparison  with  what  it  would  be  if  no  helper  were  required.  All 
these  delays  mean  eipenae — fuel,  wages  and  other  concomitant  items 
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—and  probably  820  000  would  not  be  too  high  to  estimate  ae  the  an-  »i 
anal  cost  of  this  pasher;  hut  thie  ia  not  intended  to  deer;  the  nae  of 
pushers.     From  these  figures,  the  eetiniated  coat  of  change,  to  lower 
the  rnling  grade,  would  be  as  follows: 

Annual  coat  of  a  helper  engiDC  on  the  Cumber-  * 

land-Clinch  Divide.  £18  000  capitalized  at 
4  per  cent $450  000 

Construction  cost  of  two  tunnels 19S  180 

Interest  on  construction  for  one  ;ear,  having  no 
earning  power  during  the  construction  of 
tunnels 140  000 

Total  cost  of  change  to  lower  grade *785  180 

There  are  other  increased  expenses,  due  to  a  reduction  in  ruling 
grade,  to  add  to  this.  One,  often  overlooked  in  estimating  the  savlDg 
in  operating  cost  accomplished  by  the  reduction  in  train-miles  for  the 
same  tonnage  traffic  obtained  by  the  reduction  of  ruling  grades,  is  that 
this  rednction  increases  the  coat  of  operation  per  train  over  every 
grade  plane  the  rate  of  which  is  less  than  the  ruling  grade.  Stated  in 
another  way,  tbe  value  of  a  foot  of  rise  and  fall  varies  witb  the  ruling 
grade.  An  engine  loaded  for  the'  higher  rnling  grade  can  pro- 
ceed on  any  less  grade  at  a  speed  equal  to  that  attainable  if  loaded 
for  tbe  lower  ruling  grade,  with  tbe  consumption  of  less  fuel;  or, 
in  another  way,  like  engines  will  require  and  consume  more  time 
over  a  given  division  after  its  ruling  grades  are  reduced  to  a  lower 
maiimnm  than  before  the  change,  when  loaded  for  the  respective 
rnling  grade,  resulting  in  increased  expense  for  all  items  affected  by 
time.  The  result  of  disregarding  tbis  fact  is  that  often  the  advantages 
and  earing  in  operating  expenses  estimated  on  by  the  engineers  are  not 
realized,  and,  consequently,  the  expected  decrease  in  cost  perton'mile 
is  not  realized,  the  operating  department  finding  it  necessary  to  de- 
crease tbe  engine  rating  below  that  indicated  by  tbe  differences  in 
ruling  grades,  in  order  to  get  trains  over  tbe  division  within  reasonable 
time  and  witb  economy.  Take  tbe  line  under  discussion :  It  will  require 
h'om  15  to  WX  more  time  for  a  train,  having  an  engine  loaded  for  a 
0.65%  maximum  grade,  to  go  from  Saston  to  Knoiville  than  it  would 
for  the  same  engine  loaded  for  a  1%  grade.  This,  probably,  would 
not  affect  train  wages,  in  view  of  the  shortness  ot  the  division,  if  oper- 
ated as  one  division;  and  whether  or  not  it  is  to  be  operated  that  way 
is  understood  as  yet  to  be  unsettled.  But,  no  matter  how  it  is  oper- 
ated, time  affects  fuel,  water,  oil,  etc.,  all  of  which  will  be  increased 
from  15  to  W%,  and  some  other  items  not  necessary  to  enter  into  here 
to  affect  tbe  reasoning.  If  the  cost  of  fuel,  oil  and  water  is,  as  has 
been  assumed,  11. 8^0',  this  gives  an  expense  here  (due  to  this  condition) 
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Mr.  Beard,  of  20?^  of  11.8^  of  81.08  X  16  trains  X  79  miles  X  339  workiDg  dftvs 
=  810  922. 

«10  922,  capitalized  »t  i%.  gives $273  038 

Inci-eased  cost  (before  obtaioed] 785  180 

Total tl  058  218 

This  amount  wipes  out  entirely  tbe  saving  expected  by  the  redaction 
of  raling  gi^e.  While  but  an  approximation,  this  is  Dot  far  from  the 
truth,  and,  without  a  donbt,  the  Presideut  of  the  Louisville  oud  Nash- 
ville Railroad  certainly  does  not  yet  understaDd. 

It  will  not  be  amiBH  to  warn  the  inexperienced  not  to  take  litetaU; 
all  the  author's  remarks  about  emoothness  of  grade  lines,  bj  which  he 
awkwardly  expreeses  absence  of  rise  and  fall,  which,  though  an  im- 
portant matter,  is  minor  to  that  of  ruling  grades.  Its  value  is  readily 
estimated,  and,  to  avoid  a  few  feet  more  or  less  on  minor  grades,  will 
not  warrant  a  very  great  expense.  Neitberehould  he  take  literally  the 
implication  that  it  is  easier  to  obtain  the  best  across  Missouri's  north- 
west prairies  than  through  Tennessee's  mountains.  Many  who  have 
had  experience  in  both  kinds  of  country  will  bear  out  the  Temark 
that  the  contrary  is  tme.  Titanic  work  is  not  the  embodiment  of 
good  engineering,  and  the  40%  more  rise  and  fall  on  the  MisBonri 
road,  considered  with  the  conditions  of  years  ago  under  which  it  wu 
built,  together  with  ite  cost  (perhaps  S16  000  to  S20  000  per  mile,  at 
present  prices),  as  agaiuet  $69  000  per  mile  for  the  Tennessee  road, 
does  not,  by  any  means,  indicate  better  engineering  on  the  latter.  Tbe 
elimination  of  the  10  or  11  ft.  more  rise  and  fall  per  mile  would  not 
warrant,  with  like  traffic,  an  additional  expenditure  exceeding  proha- 
bly  S2  000  per  mile,  giving  a  cost  of  from  $17  000  to  S22  000  per  mile,  as 
against  869  000.  An  examination  of  a  map  of  the  ouantry  crossed  bj 
the  Chicago-Kan 8 as  City  tines  shows  their  general  direotiou  to  be 
across  the  drainage,  and  each  valley  is  from  250  to  350  ft.  below  the 
saddles  of  the  ridges,  thus  approaching  those  of  the  author's  road. 
iT. Watson,  Wai-teb  Watson,  Assoc.  M.  Am,  See.  C.  E.  (by  letter). — While  the 
general  rules  to  be  followed  in  making  a  location  giveQ  by  Mr, 
Taylor*  are  vital  and  quite  full,  the  writer  would  extend  them  some- 
what by  making  the  first  one  read; 

(1)  Of  not  using  at  any  point  more  difficult  gradients,  nor  aoy 
'     greater  distance,  nor  any  more  curvature,  nor  stifftr  cnrres  than  tte 
country  actually  requires. 

The  writer  would  also  suggest  the  desirability  of  adding  another 

(5)  Of  occupying,  at  all  strategic  points,  as  fully  as  possible 
(without  otherwise  injuring  the  location),  all  the  available  ground. 

•  Procffdinga,  Am.  Boc.  C.  E.,  February.  I»M,  p.  ISO. 
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Man;  engineers  do  not  (nllj  appreciate  the  valne  of  distance  and  Mr,  w.wauoii. 
cnrvatate  ssred,  nor  do  some  seem  to  appreciate  the  fact  that  it  is 
not  always  the  line  that  ehows  the  least  constraction  oost  per  mile 
that  is  the  cheapest,  eTen  to  oonstract.     As  an  illnstration  of  the 
effect  of  distance  and  curratnre  the  following  experience  is  cited  i 

The  writer  recently  had  occasion  to  revise  a  projected  location, 
made  previous  to  his  engagement,  tbrongh  a  very  crooked  valley 
with  high  blnfTs  on  each  side.  These  blnffe  placed  seemingly  insur- 
mountable obstacles  in  the  vf&y  of  ao;  location,  except  one  which 
followed  the  general  windings  of  the  valley,  and,  even  then,  quite 
heavy  work  was  required.  At  one  place,  covering  about  1}  miles  of 
the  original  location,  it  was  found,  however,  that  by  introducing  two 
tunnels  (of  about  650  and  260  ft.  in  length)  a  line  could  be  located, 
with  the  same  grodieut,  with  lighter  curves,  with  about  320°  less 
curvature  and  about  2  170  ft.  shorter.  Although  the  construction  of 
the  new  line  was  more  expensive  per  mile,  it  was  actually  about 
S9  000  cheaper  than  a  line  on  the  original  location  would  have  been, 
besides  being  much  less  expensive  to  operate. 

Without  in  any  way  sueming  to  criticise  the  location  sbowu  on 
Plate  III,*  for  which  it  is  presumed  there  were  most  excellent 
reasons,  the  writer  would  like  to  ask  if  it  was  on  account  of  lack  of 
sustaining  gioDod  from  the  Bull  Bun  side  of  Copper  Bidge  toward 
Ijee's  Ford  (territory  outside  of  the  limits  of  the  plan  on  Plate  III], 
that  the  long  detour  around  Copper  Bidge  was  used,  rather  than  a 
line  up  Beaver  Creek  from  Open  Valley,  near  the  point  P,  and  then 
passing  directly  under  Copper  Bidge  by  a  tonnelto  the  Bull  Bnn 
Hlope  of  the  ridgo,  or  whether  there  were  other  considerations  entering 
into  the  problem?  Plate  III  would  indicate  that  possibly  such  a 
line,  with  the  same  rise  and  fall  and  gradient  as  the  line  located,  and 
from  li  to  2  mile»  shorter,  but  requiring  an  indicated  tunnel  about 
2  600  ft.  long,  compared  with  one  2  170  ft.  long  on  the  line  as  located, 
might  have  bei'n  used,  provided  suitable  sustaining  ground  could 
have  been  obtained  toward  Lee's  Ford. 

In  regard  to  the  suggested  rule  (5),  it  may  be  stated  that  there  are 
often  cases  in  difficult  country  where  the  line  can  he  properly  located, 
so  that  it  would  be  extremely  di£Bcult  for  a  rival  company  to  construct 
a  line  through  the  same  pass  or  valley,  while  a  location,  equally  good 
in  other  respects,  oonld  be  made,  which  would  leave  room  for  a  rival 
to  pass,  and  thus  the  situation  would  not  be  fully  controlled.  The 
complete  control  of  such  a  pass,  or  valley,  might  add  very  materially 
to  the  value  of  the  property. 

Wn-UAH  G.  Raymond,  M.Am,  8oc.  C.  E.  (by  letter).— This  paper  is  Mr.  Raymond. 
of  the  greatest  interest  to  all  those  having  to  do  with  railroad  location. 
There  are  one  or  two  points  that  wiU  perhaps  bear  emphasis.  The  first 
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Kr.  fUymond.  18  the  great  Talne  of  the  topographic  ohitrts  of  the  United  StaU* 
Geological  Sarrej.  Time  and  again  have  these  charts  been  nsed  in 
projecting  water-eapply  work.  Time  and  again  have  ther  revealed 
reservoir  sites  and  conduit  routes  vhioh  wonld  have  been  entiiel; 
missed  bj  the  reconnoitering  engineer.  And,  for  the  use  of  the  rul- 
road  locating  engineer,  thej  are  even  more  valaable,  not  odIj  UTing 
his  time,  bnt  insuring,  with  the  exercise  of  reasonable  care  and  intelli- 
gence, the  selection  of  the  most  feasible  route  between  two  termiDi  b; 
compelling  the  following  of  Wellington's  precept,  stated  anew  t? 
Professor  Taylor  in  hie  fourth  emphatic  suggestion,  that  the  reeon- 
naissanoe  shall  be  of  an  area,  not  a  line,  and  by  furnishing  a  smill- 
scale,  bird's-eye  view  of  the  widest  possible  area  in  such  wa;  that  it 
may  all  be  taken  in  at  a  glance,  all  seen  at  once,  and  be  all  at  ones 
before  the  engineer  for  stadj.  The  writer  has  used  these  charts  for 
both  railroad  location  and  water-supply  work,  and  has  found  them 
invaluable  aids.  The  completion  of  the  charting  of  the  entire  countty 
cannot  be  accomplished  too  soon. 

A  second  point  is  that  the  low  grade  lioe  does  not  always  mean  the 
most  expensive  line  even  in  first  cost;  that,  in  general,  an  economical 
location  is  one  which  adopts  the  lowest  possible  grades  for  the  longest 
possible  distances,  and  bunches  the  difficulties  at  a  few  points  where 
they  may  be  overcome  most  economically  by  heavy  work  or  by  pusher 

A  third  point  is  the  evidence  famished  bj  this  paper  of  the  advance 
of  railroad  location  from  a  trade  to  a  profession  i  from  the  "mle^f- 
thumb"  methods  of  many  years  ago  to  the  scientific  methods  of  to- 
day. And  this  without  reflecting  on  those  great  men  who,  early  in  the 
history  of  railroad  building,  saw  the  true  relation  between  location 
and  operation.  Moreover,  the  paper  emphasizes  the  necessity  for 
taking  time  and  spending  money  in  the  design  of  the  road,  and  by  de- 
sign is  meant  location,  and  for  doing  the  work  over,  revising  and  re- 
revising,  until  the  best  that  can  be  done  by  the  united  efforts  of  all 
the  engineering  talent  engaged  has  been  accomplished. 

One  suggestion :  The  paper  professes  to  be  written  for  the  yonng 
men.  Therefore,  from  the  teacher's  standpoint,  should  not  the  quali- 
fying adjective  ' '  capitalized "  be  used  before  "  cost "  in  the  second 
paragraph  on  page  138?* 

One  other  snggestion:  In  determining  the  cost  of  pusher-engioe 
eervioe,  only  those  items  of  expense  which  may  be  attributed  to  this 
particular  service  are  used,  a  proceeding  that  seems  rational;  but, 
when  it  comes  to  a  consideration  of  the  saving  due  to  the  redu^OD  in 
train 'miles  by  the  lower  ruling  grade,  it  is  stated  that  "  operating  ex- 
penses vary  directly  as  the  train-mileage,"  the  cost  per  train-miieon 
the  Lonisviile  and  Nashville  Railroad  for  the  year  1902  is  need  in  the 
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following  calcnlation,  and  the  total  saving  ie  found  bj  mnltipl^iug-  V 
the  train -miles  saved  bj  this  train-mile  cost,  S1.06.  This,  being  the 
average  cost  of  all  trains,  is,  of  conrse,  as  the  author  points  oat,  not 
the  proper  cost  to  applj  to  the  heavj  freight  trains,  the  ones  affected 
bj  the  grade  changes  considered,  but  is  nsed  for  safety,  the  actual 
cost  of  trains  not  yet  mnning  being  indeterminate.  The  author  esti- 
mates that  the  average  train-mile  cost  of  these  heavy  trains  may  be  as 
great  as  SI. 50;  bnt,  whatever  it  is,  wi]I  the  saving  in  money,  due  to  a 
saving  of  train-miles,  equal  the  cost  per  train-mile  multiplied  by  the 
train-miles  saved?  Manifestly,  it  will  not,  and  a  considerable  part  of 
the  late  Mr.  Wellington's  great  work  was  devoted  to  showing  that  it 
'will  not  be  this  qnaatity.  Railroad  bookkeeping  may  make  it  so  ap- 
pear, and  an  increased  namber  of  trains  dne  to  inoreased  business  does 
not  always  seem  to  lessen  the  train-mile  cost,  as  it  should,  theoreti- 
cally, but  this  is  dne  largely  to  increased  expenses  warranted  by  the 
increased  business,  and  is  not  at  all  dne  to  the  greater  number  of  trains' 
In  recent  years  train-mile  cost  has  increased  greatly,  bnt  this  is  not 
dne  to  the  mnning  of  more  trains.  When  the  business  does  not 
change,  and  a  reduction  in  train-miles,  dne  to  a  reduction  in  grades, 
or  increased  locomotive  power,  is  secured,  it  is  doubtful  if  more  than 
half  the  average  train-mile  cost  is  saved  for  each  train-mile  saved. 
Just  how  much  the  saving  is,  no  one  knows.  In  the  present  case,  if 
S1.50  per  train-mile  is  a  (air  cost  for  the  trains  affected,  and  half  of 
this  can  be  saved  with  each  train-mile  saved,  the  annual  saving  will  be 
S80  34,3,  instead  of  $116  000,  and  the  amount  gained  by  the  changed 
line  will  be  81  327  42D,  instead  of  S2  218  846.  The  reduction  of  nearly 
4900  000  in  the  capitalized  saving  in  no  wise  changes  the  correctness 
of  the  final  choice  in  this  case,  bat  it  might  well  change  it  in  some 
other  case  where  the  difference  in  valnes  might  not  be  so  great.  With 
an  assumed  train-mile  cost  of  SI. 60,  it  is  entirely  possible  that  each 
train-mile  saved  may  mean  $1.08  saved,  but  the  evident  purpose  of  the 
author  was  to  use  the  whole  train-mile  cost,  making  only  aa  much 
Allowance  as  wonld  insure  his  being  within  that  cost. 

Whether  or  not  the  suggestion  here  made  is  wise,  may  be  a  matter 
of  opinion;  it  outlines  the  procedure  the  writer  would  follow. 

With  this  change,  and  possibly  without  it,  the  paper  seems  to  be 
one  of  the  most  valuable  that  has  recently  appeared  for  the  study  of 
the  young  engineer. 

F.  La  VIS,  Assoc.  M.  Ah.  Soc.  C.  E. — The  speaker  thinks  that  it  ur.  Lavis. 
was  unnecessary  to  offer  any  apology  for  the  presentation  of  this 
paper  on  account  of  the  fact  that  the  perusal  of  it  might  be  loss  of 
iime  to  some  esperienced  engineers.  An  engineer  who  is  interested  in 
railroad  location  as  a  science  cannot  fail  to  be  interested  in  the  devel- 
opment of  such  a  low  grade  line  through  a  very  rough  piece  of  country. 
The  speaker  does  not  feel  sure  that  the  low  grade  was  warranted,  bnt 
will  refer  to  that  later. 
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Mr.  uma.  The  literatare  on  the  practical  aspects  of  r&ilroad  location  is  cbieflj 
oouapicQODs  by  its  absence,  and  a  deecription  of  this  kind,  of  actna] 
work  performed,  ia  therefore  valnable.  It  would  have  enhanced  the 
valne  of  the  paper  coneiderabJj  had  the  author  been  able  to  go 
into  more  details  of  the  work,  even  at  the  risk  of  saying  Bomething 
which  might  have  been  known  to  someone  else,  and  to  have  shown,  if 
possible,  a  map  of  the  various  preliminary  linea  mn  and  their  relatioD 
to  the  final  located  line,  and  to  ba^e  given  some  details  of  the  cost  of 
the  snrreys  and  the  time  consnmed  in  making  them. 

Ur.  Taylor  states  as  his  fourth  principle,  in  making  snch  anrreTS 
as  this,  the  necessity  of  making  "a  diligent  study  of  the  whole 
oouDtry."  Evidently,  he  did  this,  before  the  completion  of  the  woik, 
but  fuller  details  of  how  much,  country  the  reconnaissances  covered, 
how  much  time  was  spent  on  them,  and  how  the  final  reeulte  were 
deduced  from  these  observations,  would  have  been  invaluable,  to 
experienced  engineers  aa  well  as  to  students. 

It  hardly  seems  possible  that  railroads  to-day  are  located  in  any 
other  than  a  big,  broad-minded  way,  with  time  and  money  enongh  to 
do  the  work  thoroughly,  and  to  thrasb  ont  the  country  until  absolute 
proof  is  obtained  that  the  best  lino  has  been  selected. 

The  speaker,  however,  knows  from  a  rather  extended  ezpcTience 
that,  in  spite  of  all  that  sbonid  be  known  of  the  increased  cost  of  ope- 
ration of  badly  located  roads,  many  miles  of  railroad  are  being  located 
and  built  now  in  the  same  old  narrow-minded  way,  and  this  ia  the 
cause  of  the  large  expenditures  which  are  being  made  for  relocations 
and  revisions.  Many  men,  investing  io  railroad  projects,  still  believe 
that  any  money  spent  on  engineering,  and  especially  on  location  sar- 
veya,  is  just  so  much  money  wasted. 

An  instance  has  come  under  the  speaker's  observation  recentlj. 
On  what  is  now  part  of  a  trunk  line,  and  between  two  points,  about 
200  miles  apart,  by  the  present  operated  line,  a  new  line  bas  been 
located,  saving  more  than  30  miles  of  distance,  with  ruling  grades  of 
oue-half  of  those  on  the  older  line,  saving  nearly  3  000  ft.  of  rise  aod 
fall,  and  having  less  than  half  the  total  degrees  of  curvature  of  tbe 
older  line.  This  does  not  necessarily  imply  a  criticism  of  the  older 
line,  as  the  speaker  does  not  know  any  of  the  conditions  under  whii'b 
it  waa  located  and  built  or  the  relative  cost  of  the  two  lines,  but  it 
illnstrates  what  can  be  accomplished  by  a  thorough  study  of  the 
country  and  by  properly  conducted  surveys. 

It  seems  strange  that  the  author  has  offered  no  explanation  of  the 
fact  that  BO  many  changes  were  necessary  after  construction  wia 
started.  It  appears  that  the  route  had  been  under  consideration, 
mote  or  lees,  for  the  past  twenty  years,  ^nd  surely,  at  least  a  decisiott 
as  to  ruling  grades  and  the  general  location  of  the  line,  il  not  of  tlie 
minor  details,  should  have  been  reached  before  oonatruotion  was  com- 
menced. 
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It  is  stated  that,  when  it  wbb  found  that  0.66^  grades  oonld  be  Hr.  Lbvi«. 
obtained  od  this  new  line,  this  required  changes  in  minor  grades  on  the 
part  on  which  oonstmotioD  had  already  started,  and   caused  the 
offloialfl  o(  the  Lonisville  and  Nashville  to  determine  to  make  some 
grade  revisions  on  the  old  lines  which  this  link  connected. 

Snrel;  this  new  line  and  the  whole  freight  division  of  which  it  is  a 
part  should  have  been  studied  as  a  whole,  to  determine  the  ruling 
grades  possible  on  the  whole  division,  and  a  thoroughlj  comprehensive 
snrvey  should  have  been  made  before  constrnction  was  started. 

One  of  the  grave  errors,  even  to-daj,  in  a  great  deal  of  the  grade 
revision,  is  that  it  is  not  comprehensive  enongh,  and  the  work  is  done 
in  little  pieces. 

It  does  not  neoessarilj  follow  that,  because  a  comprehensive  scheme 
has  been  laid  out,  the  work  has  to  be  undertaken  all  at  once,  bnt  the 
work  done  should  be  governed  by  its  relation  to  the  whole. 

It  is  hardl;  possible,  from  the  information  contained  in  the  paper, 
to  estimate  the  valne  of  the  change  from  the  1%  to  the  0.66^  grade 
on  this  short  piece  of  line,  withoat  knowing  its  relation  to  the  operat- 
ing division  of  which  it  will  form  a  part. 

In  speaking  of  the  rates  of  grade,  the  author  uses  indiscriminately 
rates  per  mile  and  rates  per  cent.  Bates  of  grade  in  this  country,  at 
least  among  engineers,  are  now  spoken  of  almost  exclusively  in  rates 
per  cent,,  and  it  would  seem  advisable  to  use  this  method  of  nomen- 
clature exclusively,  at  least  in  an  engineering  paper. 

In  reterenceto  the  MisHonn  prairies:  The  word,  prairie,  generally 
conveys  to  the  average  reader  an  idea  of  a  comparatively  level  plain, 
but  some  of  the  most  difficult  location  can  be  found  through  the  Mis- 
souri and  Iowa  prairies,  especially  for  low  grade  lines.  Mountain 
ridges  may  be  backed  through,  bnt  the  long  tolling  country,  with 
difierencea  between  ridges  aud  valleys  often  amounting  to  more  than 
200  ft. ,  suoh  as  found  through  Missouri,  broken  up  by  cross-drainage, 
presents  some  of  the  most  difficult  problems  in  railroad  location. 
Tbe  line  has  to  go  doirn  into  valleys  and  over  ridges,  and  the  slopes 
Are  almost  always  just  too  steep  for  the  grades  one  is  trying  to  get. 

W.  H.  CovBBDiLE,  Assoc,  M.  Am.  Soc.   C.  E. — The  aiithor  is  to  be  Mr.  Corar- 
congratulated,  both  upon  hia  location  of  the  line  between  Knozville 
and  JelUco,  aud  upon  his  description  of  the  work.    The  locating  engi- 
neer always  delights  to  narrate  his  troubles;  bnt,  unlike  the  author, 
be  does  not  always  succeed  in  making  the  narration  attractive. 

The  topography  of  this  section  of  country,  as  may  be  seen  from  a 
glance  at  the  map,  is  enough  to  strike  terror  into  the  heart  of  the 
engineer  who  is  looking  for  a  railroad  of  easy  grades  and  tangential    ' 
alignment  between  the  points  named. 

Not  only  does  tbe  backbone  of  the  Cumberland  Range  interpose  a 
rugged  barrier  some  500  to  600  ft.  higher  than  either  terminus,  but 
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r-Oorer-  series  of  Bubtiidiary  ridges,  parallel  to  tlie  axie  of  the  monntain  and 
diTided  by  deeply -eroded  valleys,  point  their  forbidding  fingers  across 
the  path;  and  precipitons  torrents,  at  widely- varying  elevations,  roar 
their  challenge  of  defiance. 

The  aatbor,  in  all  probability,  haa  aeonred  the  best  location  ichich 
the  conntry— and  his  company— afi'ordB.  He  states  frankly  that  the 
grade  reduction,  which  left  one  pusher  grade  on  the  road,  was  an 
afterthought,  considered  only  when  much  constmction  work  had  been 
done;  hence  the  relation  between  the  maximum  ordinary  and  pnsher 
grades  needs  no  criticism.  All  in  all,  the  result  of  his  work  can  be 
bat  a  matter  of  congratulation.  The  method  by  which  the  result  woa 
secured  is  the  subject  matter  of  this  discuasion. 

In  any  topic  as  comprehensive  as  that  of  railroad  location,  much  of 
interest  must  necessarily  be  omitted  from  a  paper,  which  the  author 
does  not  intend  as  an  exhaustive  treatise;  and,  indeed,  the  anthor 
states  that  he  has  not  mentioned  that  part  of  the  work  upon  which  he 
spent  most  of  his  energy.  This  probably  means  the  rnoonnaiBsanoe 
feature,  as  he  emphasizes  the  importance  of  a  diligent  study  uf  the 
whole  oountry ;  and  if  this  assumption  be  correct,  an  ignorant,  but  in- 
terested, reader  of  the  paper  would  respectfully  ask  that,  before  the 
disouBsion  be  closed,  the  author  give  some  idea  of  the  amount  of  such 
work  which  was  necessary  in  the  developmeut  of  this  line.  Athorough 
reconnaissance  and  the  method  of  selection  of  the  primary  points  on 
the  route  is  not  a  narrow  and  detailed  question,  but  a  broad  determi- 
nation of  policy  upon  which  must  rest  the  vindication  of  the  located 
line.  The  fact  that  the  author  speaks  definitely  of  the  features  of 
Copper  Ridge  for  a  distance  of  30  miles  from  the  point  where  he 
crossed  it  throws  a  little  light  on  the  scope  of  such  work. 

About  seven  years  ago  the  speaker  drove  more  than  20  000  miles, 
looking  for  a20-ft.-per-mile  grade  tor  the  Pittsbnrg,  Ft.  Wayne  and 
Chicago  Bailway,  between  the  Ohio  River  and  the  prairie  conntiy, 
some  200  miles  to  the  westward,  and  he  recalls  the  narrow  and  pre- 
judiced state  of  mind  in  which  he  was  when  he  began  the  work-  A 
summit,  lower  than  the  one  over  which  this  line  was  laid,  and  in  plain 
sight  of  it,  meant  nothing  to  him  but  that  the  locating  engineer  had 
been  in  error,  while  a  detour  of  10  or  50  miles,  if  it  afforded  the  re- 
quired Rrade,  was  the  one  route  which  should  have  been  considered 
seriously.  Such  matters  as  excessive  cost  of  construction,  failure  to 
serve  important  centers  of  population,  greatly  increased  mileage,  etc., 
were  mere  bagatelles  when  weighed  against  the  reduction  of  ton-mile 

However,  a  little  good  advice  from  his  chief  engineer  soon  put  hint 
in  a  more  tolerant  attitude,  and  he  began  to  realize  that  topography 
is  but  one  of  several  factors,  and  too  often  an  unknown  one  at  that,  in 
the  transportation  equation. 
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TbiB  suggests  a  aeooud  point  to  which  the  speaker  wishes  to  call  Mr.  CoTsr. 
attention,  namelj:  Hen  of  a  previona  generation  mnst  not  be  jndged 
bj  present  atandarde,  and  this  is  eqnallj  trae  of  teohnical  skill  and 
of  moralitj.  Who  shall  saj  that  the  old  Portage  Boad  across  the 
Allegheny  Mountains  was  not  the  proper  answer  to  the  stage-coach 
problem?    Who  shall  sa;  that  Hernando  Cortez  and  Nero  were  crnel 

The  author  compares  his  grade  of  34  ft.  per  mile  with  that  of  66  ft. 
per  mile  existing  on  rival  roads.  He  also  states  that  his  total  average 
rise  and  fall  per  mile  is  only  21.5  ft.,  as  against  59.2  ft.  for  the  old 
road.  He  states,  further,  that  his  road  is  smoother  than  an  unnamed 
prairie  road  bj  42  per  cent  These  facts  are  pertinent  and  interest- 
ing, bat  thej  are  disjointed,  or,  rather,  isolated;  and,  in  all  fairness, 
the  inference  that  the  first  railroad  through  this  countr;  should  have 
been  constructed,  on  the  location  described  by  the  author  must  be 
avoided. 

Hauy  other  (acts  mnst  be  added  to  those  stated  by  the  author 
before  the  chain  of  cause  and  effect  can  be  completed,  as,  forinstance, 
the  cost  per  mile  which  secured  the  34-ft.  grade,  as  against  the  cost  of 
the  66-ft.  grade,  the  length  of  the  respective  routes  which  exceeded 
the  straight-line  distance  by  M  and  55%  in  favor  of  the  old  route, 
and  the  general  traffic  and  commercial  conditions  obtaining  at  the 
respective  dates  of  constrnction. 

Because  men  built  railroads  on  a  1%  maximum  grade  fifty  or 
twenty  years  ago,  it  by  no  means  follows  that  they  built  badly,  and 
their  work  mnst  not  be  judged  by  the  conditions  under  which  work 
is  done  to-day.  Increased  traffic,  competition,  reduction  in  ton-mile 
revenue  and  other  considerations  to-day  make  easy  gradients  impera- 
tive and  economic,  which,  a  generation  ago,  would  have  been  the 
height  of  folly;  and  it  may  even  be  possible  that  this  "widow's 
mite"  railroad,  running  up  and  down  and  across  conntr;,  over  the 
hills  and  hollows — on  which,  it  may  be,  the  old  rails  have  a  hard  time 
to  keep  the  fire-box  off  the  ties — may  have  represented  as  nice  an 
adjustment  of  means,  methods  and  results  as  the  author's  modem 
road. 

In  regard  to  grade  revision  and  the  method  of  determining  the 
amount  which  conld  be  spent  economically  for  tunneling,  it  is  noted 
that  the  author's  estimates  are  based  upon  a  2 170-ft  tunnel  at  Copper 
Ridge  and  a  700-ft  tunnel  at  Black  Oak  Ridge  No.  2.  The  actual  ecu- 
Btruotion  work,  however,  was  not  carried  out  on  these  lines.  The  town 
of  Clinton,  with  its  contiguous  TOO-ft.  tunnel,  was  weighed  in  the  bal- 
ance against  the  town  of  Dosset  and  the  claim  of  the  Oliver  Springe 
Branch,  and  found  wanting,  aud  so  a  sweeping  change  of  location  was 
made  and  a  tunnel  3  620  ft.  long  was  anbstitnted  for  the  700-ft.  tunnel. 

The  total  length  of  main-line  tunnel,  therefore,  is  5  690  ft.  instead 
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Hr.  Cover-  of  2  870  ft.,  or  praotioallv  doable  tbe  leii|;(th  used  in  estimatiiig.    It  u 
''      beside  the  qnestioa  to  offeet  the  additiouftl  coat  of  maio-liiie  oonstrnc- 
tion  against  the  saving  on  the  branch  line  becanae  main-line  oonstrac- 
tion  costs  miiat  be  justified  by  main-line  traffic  resnlts. 

Fnrthermore.  altbongh  b;  this  plan  the  grades  od  the  branch  line 
were  rednoed  to  tbe  main-liae  ruling  grade  ftgainatsoath- bound  traffic, 
and  althoagh,  theoretical  tj,  this  is  very  nice,  jetgradefof  coal  branch 
lines  are  bj  no  means  a^  important  as  main-line  grades,  and  for  several 


1. — Throngh  main>line  freight  trains  do  not  travel  over  snch 
branches,  nor  stop  at  snch  junction  points  to  take  on  loads  or  set  off 
empties,  except  in  rare  instances. 

2. — Trains  ruoning  light  and  filling  to  capacity  at  local  points  are 
rarelj  a  factor  in  grade  determination. 

3. — Local  trains  deliver  empties  to  mines  and  collect  loads  there- 
from, and  seldom  work  up  to  full  engine  capacity. 

i. — Coal  branch  grades  are  with,  rather  than  against,  their  traffic, 
and  a  grade  of  34  ft.  per  mile,  over  which  to  shove  merely  empty 
gondolas,  is  an  expensive  luxury. 

It  appears,  therefore,  that  the  author's  estimate  of  what  the  di-tt 
grade  would  cost  should  have  included  all  main-track  work  aa  actnolly 
built.  Since  it  is  not  apparent  from  the  paper  what  the  increased  ccfi 
of  the  5  690  ft.  of  taune]  is  over  that  portion  of  the  original  line  which 
it  displaces,  it  would  not  be  pertinent  to  subject  the  author's  estimate 
to  detailed  examination. 

It  is  pertinent,  however,  to  call  attention  to  the  idea  which  per- 
vades the  ai^nment  expressed  on  page  140:*  "Operating  expenses 
vaT7  directly  as  the  train -mileage,"  and  to  be  satisfied  that  this 
premise  be  a  sound  one  before  accepting  the  conclusion. 

The  T'rangaciioiis  of  this  Society  contains  a  memorial  of  that  great 
railroad  economist,  Albert  Fink.-f  and  even  from  those  brief  notesmay 
be  learned  the  fact  that  his  first  analyses  of  railroad  operations  were 
embodied  in  the  annual  reports  of  the  Louisville  and  Nashville  Rail- 
road about  thirty  years  ago. 

Mr.  Fink's  writings  upon  this  subject  are  still  classics,  and  it  is  of 
interest  to  note  that  the  oCBcers  of  the  very  railroad,  the  records  oE 
which  contain  so  much  that  is  practical  and  scientific,  acquiesce  so 
readily  in  the  empirical  theory  which  the  anthor  states  as  a  fact. 

Bevenue  train-mileage  is  a  unit  of  service  by  which  may  be  meas- 
ured the  cost  price  of  transportation.  To  say,  however,  that  this  cost 
price  varies  directly  as  the  total  amount  of  transportation  sold,  is  to 
disregard  all  the  primary-construction  cost  of  the  property,  much  of 
the  maintenance,  and  a  considerable  amount  of  the  costs  incidental  te 
train  service  and  general  expenses. 

•  Prorredingt,  Ai 
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The  Inter-State  Commerce  CommiBBion  clasBifies  ntilnwd  opetatimg  Hr.  Cortr- 
'  eipensM  nnder  four  Dutin  heodingB: 

lit. — UainteDsnce  of  ivbj  and  stmcttireB, 
2d.  — Haintooance  ot  eqaipinent, 
3d. — Condncting  traDaportation, 
4th. — GeDsrat  expeosea. 

A  brief  examiaation  of  tfaeae  ezpenae  itemawiU  ahov  towhateiteat 
they  vary  as  train-mileage: 

1. — "Maintenance  of  wav  and  atrnctnre  ezpenae  "  "  floctnatea,  not 
with  the  rate  of  wear,  but  witli  the  rate  of  renewal,"  saya  Mr.  Eaton, 
the  statistician  of  the  Lehigh  Valley  Railroad,  in  hia  book  on  "  Rail- 
toad  Operations."  The  character  and  amonut  of  traffic  determines  in 
«  general  way  the  types  of  track  and  bridge  ntructnres,  but  large 
sums  are  spent  annually  for  mainteaance  of  snoh  structures,  and 
appear  in  the  figures  which  the  author  haa  nsed,  whicb  have  nothing 
whatever  to  do  with  traio-mileage. 

Widening  banks,  sodding  xlopea,  cutting  weeds,  repairing  fenoea 
Bod  track  aigna,  many  tie  renewals,  painting  bridges  and  buildings, 
renewing  bridges  and  bnildinga  deatroyed  by  fire,  flood,  or  lawleaa- 
DeM,  the  substitution  of  steel  and  masonry  for  wooden  atrnctures, 
grade  rednctioua,  reTisions  of  aUgument  and  other  betterments  of 
magnitude  not  chargeable  to  capital  account:  All  theae  itema  of  ope- 
rating expense  depend  in  no  way  npon  the  train -mileage. 

The  "maiDtenance  of  way  and  stmcture"  item,  for  the  Louisville 
and  Nashville  Railroad,  amounted,  in  1902,  to  abont  22%  of  the  entire 
charge  gainst  operation;  and,  of  this  amonut,  only  33))^,  or  1%  ot 
the  whole,  is  chargeable  to  train-mile^e.  This  apportionment  is 
made  on  the  basis  of  the  Fennaylvania  Railroad  methods,  and  in- 
cludes all  renewals  of  rails,  frogs  and  switches,  dSi%  of  crosB-tie 
renewala  and  10^  of  repairs  of  roadway,  track  and  bridgea.  All 
repairs  of  buildings,  docks  and  structures,  other  than  above,  are  taken 
•a  indepeudent  ot  train-mileage. 

2. — "Maintenance  of  equipment  expense"  variee  with  engine- 
mileiigs,  freight  and  passenger  car-mileage,  butnot  with  train-mileage. 
It  depends  upon  alignment  and  grade  of  line,  weather,  epeed  and 
accidents;  it  inclndes  cost  of  marine-equipment  maintenance,  interest 
on  shop  investments,  etc.  This  item,  for  the  Louisville  and  Nashville 
Radroad,  amounted,  in  1!K)2,  also  to  about  22%  of  the  entire  charge 
■gsiDBt  Operation,  and  cannot  be  said  to  vary  directly  with  train- 
mileage.  It  Is  noted  that,  while  repairs  to  locomotives,  passenger  and 
freight  cars,  etc.,  are  the  direct  result  of  operation,  yet  a  unit  of 
maiDtenauoe,  much  more  exact  than  train -mileage,  is  now  in  general 

3.— '*Coudncting  transportation "  ia  nsually  subdivided  into 
tweaty-flve  or  more  accounts,  including  fuel,  water,  locomotive  and       ^^b^m. 
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r,  Corer-  mia  eel  In  neons  sapplies,  wages  of  eDgineers,  6remeQ  and  ronndhoiiBe- 
men,  STitcbmen,  flagmea,  statioD  snppliee,  advertiaing,  telegraphiag, 
car-mileage,  iojiirieB  to  pereona  and  propertj,  etc.,  etc.,  and  odIj  one 
of  these  aooonuts,  namelj,  train  service,  which  covers  the  wages  of 
conductors,  baggagemen,  brakemen  and  flagmen,  can  be  said  to  tbjj 
directly  witb  train-mileage.  This  item,  for  the  Loaiaviile  and  Nash- 
ville Railroad,  amounted,  in  1902,  to  abont  62,"^  of  the  total  operating 
expenses,  and  of  this  amonnt  only  13^  varies  with  train-mileage. 

i. — The  item  "general  expenses,"  of  course,  does  not  vary  witb 
train -mileage,  bo  that,  in  all,  abont  14\  of  operating  expenses  depends 
upon  train-miles  nn,  and  upon  this  slender  thread  haoga  all  the 
weight  of  the  anther's  argument. 

Several  other  points  are  snggeated,  but  they  are  of  a  more  or  lefl» 
detailed  nature,  and  are,  in  consequence,  omitted.  The  speaker  has 
derived  both  pleasure  and  profit  from  a  pentsal  of  the  paper, 
r.  UntoD.  HAfiysi  LtHTON,  Td.  Am.  Soc.  C.  K  (by  letter).— The  writer  finds 
little  to  add  to  Mr.  Low's  excellent  description  of  the  location  ol  the 
Clinch  Valley  Division  of  the  Norfolk  and  Western  Railroad. . 

Whatever  reconnaisaanoe  was  made  in  1886  afterward  had  to  be 
modified  considerably.  The  line  between  St.  Paul  and  Little  Tom 
Tunnel  was  fixed  upon  before  any  survey,  other  than  the  writer's  re- 
connaissance, had  been  made. 

Early  in  the  spring  of  1887,  the  writer  rode  from  Qrabam,  Va.,  to 
Big  Stone  Gap,  Ey.,  after  having  spent  abont  two  weeks  in  charge  of 
the  first  surveying  party  in  the  field,  on  Blnestone,  above  Graham. 
Arriving  at  Big  Stone  Gap,  he  met  there  the  late  R.  L.  Cobb,  H.  Am. 
Soc.  C.  E.,  then  Chief  Engineer  of  the  Louisville  and  Nashville  Rail- 
road. After  a  few  days  at  Big  Stone  Gap,  the  writer  rode  back,  over 
the  line,  looking  into  the  valley  of  Gnest  River,  and  exploring  the 
ridge  between  Russell  and  Bull  Creeks.  Agood  aneroid,  and  a  pedom- 
eter which  had  been  calibrated  with  the  horse's  step  to  read  milee, 
were  of  great  service  in  this  work. 

It  was  BOOD  evident  that  eomething  nnnsnal  would  have  to  be  done, 
to  get  a  railroad  location  from  Clinch  River  to  the  valley  of  Powell 
River.  Gnest  River,  from  its  mouth  up,  although  described  previously* 
as  "the  natural  gateway  to  this  region,"  was  simply  impossible. 
The  valley  of  Bull  Creek  is  like  a  deep  canon.  A  location  down  the 
Clinch  River  and  up  Bull  Creek  did  not  look  promising.  After  start- 
ing with  an  ascending  grade  from  Liok  Creek  (St.  Panl),  Creagan 
Tunnel  is  necessary,  to  get  from  the  valley  of  Whetstone  Creek  to  the 
valley  of  Russell  Creek.  After  that,  the  "awful"  pro&le  that  the 
location  developed  had  to  be  accepted;  there  was  no  alternative.  This 
the  writer  stated  to  Mr.  Coe,  on  his  return  to  Roanoke,  when  he  made 
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a  large  sketch,  in  red  uxd  blue  pencil,  oF  the  location  which  vas  after-  Mr-  Ltntcn. 
ward  adopted.     Mr.  Coo  accompanied  the  writer  on  his  next  trip,  and 
was  conTmoed  that  thie  was  the  best  location.     Later  sarrejs  proved 
it.     Altogether,  it  was  an  interesting  experience. 

Mr.  Oramel  Barrett  in  1887  made  a  sarvej  down  Oxiest  River,  so  as 
to  bold  that  route  against  the  Norfolk  and  Western  BaiJroad  Companj. 
The  writer  made  no  snrve;  down  Qneet  River,  below  the  present  line 
ol  the  Norfolk  and  Western.  The  Lewis  Creek  and  Thompson  Creek 
lines  were  developed  later  in  the  season,  after  surveys  had  been  in 
progress  some  time. 

The  summit  of  Blueatone  (near  the  highway]  was  foitad,b; aneroid, 
to  be,  approximately,  100  ft.  higher  than  the  summit  of  Wright  Vallej 
Creek.  This  led  to  the  adoption  of  the  location  over  Wright  Vallej 
Creek  Summit. 

Mr.  Low's  remarks  relative  to  the  orgauization  and  methods  of  field 
parties  are  verj  good.  Before  the  surveys  for  the  Clinch  Valley  loca- 
tion were  finished,  notes  were  sent  to  the  office,  at  Tazewell  Court 
House,  and  there  plotted. 

W.  T.  FoBSTTBE,  Esq.  [by  letter).— In  the  location  of  the  Knoi- BIr.  FOTsyihe. 
ville,  La  Folletle  and  Jellico  Railroad  the  writer  does  not  tbiok  the 
difficulties  to  be  overcome  were  aa  great  as  those  presented  in  the 
Clinch  Valley  Division  of  the  Norfolk  and  Western  Railroad.  The 
topography  of  the  country,  or,  rather,  of  the  valleys,  is  very  dissimi- 
lar, and  is  generally  supposed  to  be  caused  by  faults  in  the  vicinity  of 
Pineville,  Tenn.  The  Middleaboro  Basin  is  practically  the  same  as 
the  basin  at  Big  Stone  Oap.  This  is  separated  from  the  Jellico  Basin 
by  an  unproductive  belt,  about  6  miles  in  width,  where  the  Lee  Con- 
glomerate is  found  as  the  overlying  rock,  under  which,  as  under  all 
conglomerate  rooks  in  Pennsylvania,  no  bituminous  coal  is  found  in 
place.  Jellico  is  on  or  near  the  eastern  edge  of  the  Jellico  Basin,  and 
the  coal  measures  in  that  basin  are  the  upper  measures  of  the  Poca- 
hontas Series,  while  those  of  the  Middlesboro  Basin  represent  the  No. 
8  or  Pocahontas  vein.  The  upper  measures  are  not  nearly  as  pure  as 
the  lower  measures. 

The  coal-bearing  rook  series  of  this  formation  thicken  on  the 
Boutheast  border,  the  elevation  of  the  veins  is  increased,  and  they 
finally  vanish. 

The  rooks  east  of  a  certain  point  have  been  eroded  more,  being 
softer,  until  the  limestone  formation,  peculiar  to  the  Clinch  Valley,  is 
reached. 

The  general  direction  of  the  coal  measures,  when  no  displacement 
has  occurred,  varies  from  N.  S0°  E.  to  N.  10°  E.  in  this  section,  which 
a  the  general  course  until  the  Susquehanna  River  in  Pennsylvania  is 
reached,  when  it  is  deflected  more  to  the  east,  and  the  anthracite  coal 
series  prevail,  no  anthracite  coal  being  found  west  of  the  Susquehanna 
or  east  of  the  Lehigh.  ^-  i 
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r,  Foraytiie.  The  Clinch  Vallej  Railroad,  beiog  located  Bontheast  of  the  od«I- 
bearing  series  of  rooks,  is  in  the  district  most  affected  by  erouoni. 
Thenoe  the  streams  are  more  wiading.  The  upheaval  of  the  limestone 
caased  a  diversion  at  ¥onng*a  Summit,  and  all  along  the  line  in 
Tazewell  Connty  as  far  as  Cedar  Bloff  this  rock  asserts  itself.  The 
particnlar  feature  vhich  the  writer  wishes  to  show  is  that  the  strats 
sontheaat  of  thia  line  of  the  Pocahontas  vein  are  broken,  from  Bir- 
mingham, Ala.,  to  New  York  State. 

Northwest  of  this  line  the  strata  are  nearly  horizontal,  and  are 
broken  very  little  for  a  distance  of  nearly  100  miles.  The  coal  beds 
thin  ont  toward  the  northwest  and  dip  in  that  direction,  with  a  few 
anticlinals,  nntil  they  are  too  deep  to  be  workable.  The  coal-bearing 
rooks  of  the  Kanawha  Series  become  the  prodaciog  strata,  nntil  they 
take  the  same  dip  ia  a  northwest  direction,  and  are  overtopped  by 
the  Fittabntg  formation,  which  is  the  upper  formation  and  is  distin- 
guished from  the  other  by  being  semi-antbracite  in  character,  in 
many  places. 

The  rocks  through  which  the  Big  River  forces  its  way  are  not  die* 
placed,  as  in  the  Clinch  River,  and  therefore  the  sinuosities  are  not  aa 


On  the  Clinch  Valley  Division  of  the  Norfolk  and  Western  the 
Creagan  Tunnel  is  the  last  of  the  limestone  ridges  penetrated.  The 
time  allotted  to  the  survey  of  the  territory  lying  between  the  month  of 
Thompson  Creek  an.d  the  mouth  of  Onest  River,  and  up  Onest  Biver 
to  the  vicinity  of  Coeburn  or  the  month  of  Big  Tom,  was  scarcely 
snfBcient. 

A  careful  survey  should  have  been  made  from  Keyser  Tunnel,  near 
the  month  of  Dnmp  Creek,  over  the  dividing  ridge  between  Dump 
and  Lick  Creeks,  and  again  over  the  ridge  to  the  headwaters  of  Little 
Tom.  Tbns,  the  tunnels,  when  necessary,  would  have  been  tbrongh 
eandbtone  altogether,  and  the  coal-bearing  strata  would  have  been 
reached  in  shorter  distance  from  Graham,  and  the  coal  fields  traversed 
a  longer  distance.  The  fall  of  Quest  River,  from  its  source  to  a  point 
below  the  mouth  of  Big  Tom,  ia  at  the  rate  of  120  ft.  per  mile. 

Kuasell  Creek  Valley  is  100  ft.  higher  than  Bull  Run  Valley  at 
oppuBing  points.  Therefore,  it  might  Lave  been  better  to  have  made 
one  tnnnel  from  Whetstone  River  into  the  Russell  Creek  Valley  and 
another  tunnel  into  the  Bull  Run  Valley  at  the  head  of  Lawsoc's 
Hollow,  where  the  150-ft.  trestle  was  built,  being  the  nearest  of  the 
high  trestles  to  the  Little  Tom  Tunnel;  thus,  instead  of  the  Creagan 
Tunnel,  the  heavy  cut  in  the  gap  into  Russell  Creek  Valley,  the  Big 
Bull  and  Little  Bull  and  Holbrook  Tunnels,  the  dip  in  the  crossing  of 
Russell's  Creek,  the  high  trestles  (one  of  100  ft.  and  two  of  IBO  ft. 
each)  might,  perhaps,  have  been  avoided,  and  two  tunnels,  rather 
longer  than  any  one  of  these,  but  not  measuring  more  than  75%  of  the 
total  tunnel  distance,  would  have  been  sabstituted. 
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The  saving  in  cost  might  have  been  oonBider&ble,  aod  tbe  gradient  Mr.  Forerthe. 
redaoed  to  at  least  1.26  per  cent.    As  mentioned  before,  the  time  waa 
short  and  the  eeaeon  ver;  tmfavorable  for  a  survej,  as  there  were 
manj  rains  dnring  the  twelve  weeks  devoted  to  this  region. 

The  writer  has  made  extended  examisations  of  the  eastern  ontorop, 
from  a  point  near  Chattanooga.  Tenn.,  to  Broad  Top,  Pa.,  and  has 
been  confirmed  in  tbe  developments  when  found.  The  Cumberland 
Plateau  is  mostly  an  Tmbroken  mass  of  rock,  and  the  coal  measures 
have  few  faults  and  very  little  parting,  or  bony  coal;  both  to  the 
northeast  and  southwest  some  displacements  are  fonnd,  and  in  snch 
places  more  bone  is  fonnd  and  sometimes  the  veins  have  two  partings 
instead  of  one.  Nothing  voald  hare  been  gained  by  going  down  to 
the  month  of  Bull  Rnn — there  wonhl  only  have  been  more  grade  to 
overcome.  It  rises  most  abraptlj  in  the  npper  portions  of  tbe  valley, 
and  the  fait  is  very  gradual  from  Lawaon's  Trestle  down. 
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Bi  Mbssks.  H.  J.  Caupbeix,  A.  Qobbbt  and  James  H.  Bbacb. 


r.  Campbell.  H.  J.  CuiPBEU^  EsQ. — This  paper  is  of  vec^  great  interest  to  tbe 
speaker.  The  antbor'e  paiDstaking  care  in  compiling  so  carefallj  the 
history  of  this  mode  of  excavating  merits  much  praise,  and  it  will 
surely  be  of  great  value  to  the  eDgiaeering  profession. 

A  writer  oF  the  history  of  artificial  refrigeration  can  record  bnt  little 
practical  progress  antedating  the  last  qoarter  of  a  centory;  coDBe- 
qnently,  it  is  apparent  txoia  the  paper  that  the  engineers  were  amtnig 
the  first  to  grasp  its  utility  and  apply  it  as  a  snccMEfnl  means  to 
accomplish  an  end,  which,  before  its  advent,  had  well  nigh  defeated 
their  efforts.  It  is  observed  that  many  of  the  early  attempts  to  exca- 
vate by  this  process  were  snccessful  only  after  much  delay,  others 
were  only  partially  snccessfnl,  aad  others  were  total  failures.  As  it 
was  not  until  the  early  Eighties  that  refrigerating  systems  began  to  be 
perfected  so  as  to  be  relied  npon,  undoubtedly  a  large  number  of 
these  failures  were  due  to  the  crude  machinery  used  and  the  lack  of 
attention  to  easeotial  details  in  installing  the  plants. 

It  is  of  the  utmost  importance,  in  undertaking  excavation  by  thu 
process,  that  careful  observations  be  taken  to  determine  the  natnie  of 
the  material,  its  specific  and  latent  heat,  and  its  conductivity  of  tem- 
perature, as  on  these  data  will  depend  the  determination  of  the  best 
means  to  be  used  in  applying  the  refrigeration,  and  the  amoont  thtt 
can  safely  be  relied  upon  to  accomplish  the  work  successfully. 


b,GoogIc 


Fap«n.]     DISCUSSION:  fBEKZIHO  AS  A.S  A.II)  TO  EXCAVATION.     427 

If  pipes  are  to  be  snak  into  the  groand,  as  in  excaTEtting  a  TSrtical  Mr.  CunpbelL 
shaft,  their  'spacing  and  arranBemeDt  should  be  govenied  b;  the 
TATjing  nature  of  the  material  on  the  different  sides  of  the  shaft,  rather 
than  bj  spacing  them  erenlj,  as  haa  been  nsnal. 

If  the  work  is  in  horizontal  sbafts  or  tunnels,  it  is  important  that 
the  arrangement  be  such  as  to  ensure  on  even  freezing  entirely  aronnd 
the  shaft,  which  can  oulj  be  accomplished  b;  bringing  the  pipes, 
through  which  the  freezing  agent  paeaeE,  into  absolute  contact  with 
the  material  to  be  frozen. 

There  is  one  matter  which  the  speaker  considers  of  importance,  if 
the  quickest  success  would  be  attained,  namely,  that  the  refrigerating 
Agent  be  metered  to  the  different  series  of  pipes  used,  and  its  return 
temperature  taken,  in  order  to  determine  the  amount  of  work  being 
done  at  each  point  and  the  progress  being  made,  which,  further, 
serves  as  a  check  on  the  previous  eiamioationa. 

A  peruBal  of  the  paper  indicates  that,  even  in  the  latest  work,  the 
most  modem  machinery  was  not  used.  Had  that  been  done,  much 
time  would  have  been  saved  in  erection,  and  the  freezing  would  have 
"been  accomplished  very  much  sooner,  as  the  brine  coald  have  been 
carried  at  a  temperature  from  8  to  12°  lower.  Further,  the  intensify- 
ing of  the  temperatures  would  have  gone  far  toward  ensuring  the  snc- 
oees  of  the  work,  and  wonld  have  reduced  its  cost  materially. 

Up-to-date  machinery  is  now  self-contained,  quickly  erected  or 
taken  down,  and  of  such  design  that  when  standing  idle  it  will  not 
deteriorate  to  any  great  degree — do  more  than,  and  possibly  not  as 
much  as,  an  ordinary  pneumatic  plant. 

Among  the  opportunities  which  have  come  to  the  speaker's  knowl- 
edge where  refrigeration  could  have  been  used  to  great  advantage  and 
would  have  saved  much  time  and  money  may  be  mentioned  the  tnnnel 
under  the  Harlem  Biver  for  the  new  Croton  Aqnednct. 

In  order  to  determine  the  depth  necessary  to  go  below  the  bed  of 
the  river  to  ensare  solid  rock  eicavation  fortheentice  tunnel,  frequent 
borings  were  made  across  the  river,  and  showed  that  at  a  depth  of 
about  150  ft.  below  the  surface  the  rock  was  solid.  The  tunnel  was 
started  at  that  depth,  but,  after  proceeding  for  about  300  ft.  a  pilot 
drilling  developed  an  18-in.  seam  in  the  rock.  This  seam  was  heavily 
water-bearing,  so  mnch  so  that  further  excavation  on  that  level  was 
abandoned  and  a  bulkhead  was  put  in  to  prevent  future  tronble. 
Further  test  borings  were  made,  and  it  was  discovered  that  this  fault 
in  the  rock  was  between  those  borings  made  previously,  and  that, 
otherwise,  the  rock  was  sufficiently  solid  at  this  elevation  to  have  been 
excavated  by  the  ordinary  means;  bat  in  order  to  avoid  this  seam  it 
was'  necessary  to  go  155  ft.  lower,  where  the  rock  proved  tu  be  perfectly 
solid. 

As  rock  is  a  good  conductor  of  heat  and  cold  it  would  have  been 
comparatively  easy  to  have  frozen  this  18  ins.  and  then  proceeded  on 
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r.  cunpMil.  the  level  at  first  determined,  thereby  saving  to  the  city  from  S75  OuO 
to  S80  00U  in  first  cost  and  the  eipenae  of  pnmping  oat  this  extra 
depth,  of  shaft  whenever  it  is  desired  to  examine  or  clean  the  tnnnet. 
There  were  otber  points  on  the  Croton  Aquednct  where  artificial 
refrigeration  could  have  been  used  to  great  advantage. 

This  tunnel  work  and  the  Speedway  are  on  the  same  side  of  the 
Harlem  River.  The  engineers  informed  the  speaker  that  they  had 
determined  by  pilot  drilling  that  this  18  ins.  was  the  only  stratum 
which  was  too  heavily  water-bearing  to  have  prevented  their  excavating 
at  that  elevation,  and  as  the  rock  has  a  low  specific  heat  and  is  a  good 
conductor  of  heat  and  cold,  and  asthe  water  was  undoubtedly  stagnant, 
there  is  no  doubt  that  it  coold  have  been  easily  frozen  forexcaTating. 

As  to  the  work  on  the  Speedway,  it  is  understood  that  the  material 
which  it  was  attempted  to  freeze  was  quicksand,  which  would  indicate 
that  the  conditions  were  entirely  different  from  those  on  the  Croton 
Aqueduct  and  more  uncertain.  The  speaker  knows  nothing  about 
these  conditions  or  how  the  refrigeration  was  applied,  consequently 
he  is  unable  to  state  why  the  work  was  not  sncceasfal  or  whether 
refrigeration  could  have  been  applied  so  as  to  have  been  snccessfnl. 

The  science  of  artificial  refrigeration  has  advanced  to  such  a  point 
that  the  engineer  should  have  it  in  mind  as  a  means  of  accomplishing 
difficult  excavation  which,  heretofore,  has  been  done  by  more  crnde 
and  expensive  means. 
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A.  OoBBBT,  Esq.  (bj  letter). — The  shaft  at  BonnenbTirg  conld  not  Hr.  Qobert 
be  completed  by  the  freezing  prooeae,  becnase  the  gronnd- water  oon- 
tkioed  too  mnch  salt. 

In  the  nev  coal  field  of  Campiiie,  in  'the  oorth  of  Bolgium,  and  in 
other  places  on  the  left  side  of  the  Bhine,  maoh  salt  water  is  fonnd  at 
a  depth  of,  saj,  600  m.,  and  is  thns  beyond  the  limit,  100  m.,  ascribed 
to  the  possibilities  of  the  Eind-Ghandron  process.  The  writer,  there- 
fore, proposes  to  pomp  the  salt  water  from  the  soft  ground,  in  the 
same  way  as  petroleam  ia  pump&d,  and  then  pour  in  fresh  water  to 
take  its  place,  thns  readering  freezing  poeaible. 

This  ides  is  shown  clearly  in  Figs.  43  and  44. 

All  the  writer's  recent  patents  are  baaed  on  the  circnlation  of 
brine;  he  has  abandoned  the  idea  of  evaporating  ammonia  in  the 
freezing  tnbes. 

Jamk8  H.  Brace,  Assoc.  M.  Ah.  Boc.  C.  £.  (by  letter).— In  prepar-  Mr.  Brace, 
ing  this  paper  it  was  the  writer's  purpose  to  ahow  where  informaticm 
was  lacking,  as  well  as  to  snmmarize  that  available.  Many  of  the 
ancertainties  in  regard  to  the  nse  of  the  freezing  proceaa  at  Tarione 
points  conld  be  cleared  up  by  those  who  were  in  direct  charge  of  the 
work.  The  writer  is  somewhat  disappointed  that  the  discnssion  has 
Dot  brought  out  more  partioalare  in  this  respect.  As  Mr.  Moran  states, 
all  the  gentlemen  interested  in  the  use  of  the  freezing  process  in  this 
country  are  members  of  this  Society,  and  the  writer  hoped  that  they 
would  join  in  making  the  record  complete,  at  least  as  far  aa  America 
is  oonoerned. 

There  are  many  factors  yet  to  be  determined  before  aocnrate  eeti- 
Eoates  can  be  made  in  advance  as  to  the  time  required  for,  and  the  cost 
of,  any  particular  work.  Theoretical  study  will  prove  very  valuable  in 
pointing  out  the  nature  of  the  problem  and  the  elements  for  which 
the  values  are  to  be  determined.  The  values  of  these  elements,  how- 
ever, can  only  be  determined  by  observations  in  actual  practice,  sup- 
plemented by  laboratory  experiments.  Tfaoae  in  charge  of  the  work 
st  the  Vicq  Shafts  made  a  atart  in  the  right  direction,  and  aoroe  infor- 
mation waa  also  ooUected  at  the  Chapin  Mine. 

In  planning  future  operations  by  the  freezing  method,  it  ia  to  be 
hoped  that  s  detailed  ayatem  of  obaervations  for  determining  the 
unknown  factors  will  be  planned  in  advance  and  then  carried  out 
faithfully.  In  thia  way  the  freezing  process  can  soon  be  placed  on  a 
definite  basis,  and  will  command  the  confidence  it  nndoubtedly  deserves 
in  certain  classes  of  work. 

'Ur.  Campbell  has  suggested  that  modem  machinery  would  enable 
the  use  of  much  lower  temperatures.  It  is  no  doubt  possible  to  pro- 
duce much  lower  temperatures  than  any  that  have  been  used  thus  far 
in  the  freezing  process,  but  the  writer  has  been  usable  to  ascertain 
the  lowest  temperature  at  which  it  is  practicable  to  circulate  calcium 
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Bt  Oeoboe  B.  Fbancis,  M.  Ah.  Soc.  C.  E. 


Oeobob  B.  FBiNcia,  M.  An.  Soc.  C.  E. — The  Society  is  indebted  to  Mr.  Fmnc 
the  nntbot  for  hie  good  description  of  the  work  done.  The  paper  de- 
scribes a  method  of  lowering  a  maaoni;  pier,  bnilt  on  a  timber  plat- 
form, to  its  final  bearing  on  a  pile  fonndation,  bj  long  sorew-bolte, 
with  the  threaded  end  of  the  bolts  at  the  top,  the  lowering  having 
been  effected  b;  turning  nnta  on  these  bolte.  In  1888  the  center  pier 
of  a  Bingle-traek  draw-bridge  at  Oakland  Beach,  B.  I.,  was  placed,  in 
this  manner,  under  the  speaker's  direction,  with  Iheexceptionthat  the 
rods  were  reversed,  t.  e.,  placed  with  the  threaded  ends  down  and 
with  the  nuts  boxed  into  the  underside  of  the  timber  platform.  The 
pier  was  lowered  by  turning  the  heads  of  the  bolts,  instead  of  the  nuts. 
This  was  necessary  because  the  track  grade  was  near  the  water  and 
the  old  draw  was  frequently  turned  for  the  passage  of  boats;  if  the 
bolts  had  been  set  with  the  screw  ends  up  it  would  have  been  impos- 
sible to  swing  the  draw. 

In  1892  the  eud  piers  of  the  double-track  draw-bridge,  on  the 
Shore  line,  at  Mjstio,  Conn.,  were  lowered  in  the  manner  described 
by  the  anthor.  Under  certain  conditions  this  method  proves  very 
economical  and  effective,  particularly  where  the  amount  of  lowering 
required  is  moderate  and  the  difficulties  of  coffer-damming  are  great. 

•  This  dIaouHlon  (or  Che  pvpei  by  Herbert  J.  Wild,  Jun.  Am.  Hoc.  C.  B.,  printed  tD 
Procttdinot  tor  February    ION),  la  printed  in    Frvcerdingi  Ip  order  that  the  vtowi 
exprMsed  may  be  brought  before  oU  members  of  the  Society  for  furUier  dlscusflloa. 
^>»iuniinlcatloiu  <»i  this  subject  reoelTed  prior  to  Hay  sma,  IVM,  wlU  be  published 
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r.  Frmncia.  The  epe&kei  hae  had  no  especial  difficulty  in  sawing  off  piles  nader 
water  with  a  circular  aaw  on  a  shaft  placed  in  pile-driver  leaders  on  a 
scow.  The  binding  of  the  saw  experienced  bj  the  author  was  prob- 
ably due  to  the  light  scow  used.  It  will  probabl;  be  remembered  that 
A.  P.  Boiler,  M.  Am.  Soc.  0.  £. ,  had  piles  cut  off  in  this  manner,  about 
50  ft.  under  water,  at  the  Thames  Kiver  Bridge,  New  London,  Conn. 
It  is  difficult  to  saw  the  piles  off  at  an  even  grade,  owing  to  the  rise 
and  fatt  of  the  tide  and  to  some  surging  of  the  scow.  Even  at  the 
moderate  depth  of  6  ft.,  the  writer  found  it  difScalt  to  saw  off  a  clus- 
ter of  piles  within  lin.  of  the  proper  grade  line  (measured  npordowu), 
or  within  a  range  of  2  ins. 

At  great  depths,  like  60  ft.,  records  obtained  with  a  steel  tape  line 
have  shown  that  it  is  difficult  to  cut  off  piles  within  2^  ins.  of  the 
proper  grade  line,  or  within  a  range  of  5  ius.  In  such  cases  it  is  ex- 
pected that  the  weight  of  the  masonr;  on  the  platform  grillage  will 
crush  the  timber  nntU  the  platform  comes  to  an  even  bearing  on  the 

Exception  has  been  taken  to  the  author's  conclusion  that  it  is  pref- 
erable to  use  divers,  rather  than  macbinerj,  to  cut  off  piles  under 
water,  and  the  opinion  has  been  expressed  that  divers  are  about  the 
most  unreliable  agents  that  can  be  used.  The  speaker  thinks  that 
much  depends  on  the  experience  of  the  divers  emploved.  No  doubt, 
some  are  unskilled  on  oonstraction  work  under  water  who  would  be 
skilled  on  other  work.  In  constructing  the  Boston  Terminal,  occa- 
sion required  the  removal  ol  some  crib  timber  buried  in  gravel  filling 
under  water,  and  certain  local  divers  were  employed  for  the  work. 
They  spent  many  weeks  in  the  attempt,  making  very  little  progress, 
and  then  practically  confessed  their  inability  to  do  the  work.  In  de- 
spair, the  contractor  for  the  terminal  work  turned  to  the  writer  for 
advice,  and  was  directed  to  send  for  a  certain  diver  experienced  in 
wrecking  and  construction  work  under  water.  This  was  done,  and, 
although  the  coat  was  large,  the  work  was  executed  promptly.  Such 
a  diver  will  succeed  in  this  class  of  work  where  many  others  fail. 
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USED  BY  THE  RAILROAD  COMMISSION, 

OP  TEXAS,  UNDER  THE  STOCK 

AND  BOND  LAW, 

IN 

VALUING  RAILROAD    PROPERTIES. 

Discussion.* 


By  R.  A.  Thompbon,  Assoc,  M.  Am.  Soc.  C.  E. 


R.  A.  Thompson,  Assoc,  M,  Am.  Soc.  C.  E.  {by  letter.)— The  writer,  Mr. 
while  ftdmitting  tbat  grave  objectionB  may  be  raised  to  the  methods 
tiaed  by  the  Railroad  CoiDniiBsioD  of  Texas  in  valuing  railroad  prop-  ' 
erties  under  the  provisions  of  the  Stock  and  Bond  Law,  believes  that 
other  objections,  some  perhaps  more  serious,  might  be  raised  against 
auy  other  system  of  valuation  that  could  be  formulated,  and  that  it  is 
probable  that  the  Texas  Law,  when  administered  fairly  and  impar- 
tially, is  as  fair  and  jnst,  both  to  the  railroads  and  the  public,  as  it  is 
possible  to  provide. 

As  the  laiv  now  staads,  it  is  susceptible  of  considerable  freedom  of 
application,  and,  under  such  limitations  as  "  to  promote  public  inter- 
ests and  protect  private  rights"  aod  "public  interests  and  the 
preservation  of  the  property,"  no  one  will  maintain  that  a  fair  and 


.    See  January.  IB04,  Procrtdlngt.  tor 
.  H.  Am.  Soc.  C.  E. 
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r..T)KKap80D.  reasonable  tribnDBl  baa  not  ample  opportunity  to  mete  out  jost  and 
liberal  treatment  to  the  railroade,  and,  at  the  Bame  time,  give  the 
people  the  protection  contemplated  hj  the  law.  It  ia  left  abeolatelj 
to  the  discretion  of  the  Railroad  Commission  to  anthorize  the  issuance 
of  atook  and  bonds  60^  in  exoesa  of  the  vUae  of  the  railroad  pcopertv, 

That  the  law  and  the  methods  used  bj  the  Commission  in  valuing 
railroad  property  have  not  entirely  discouraged  railroad  building  in 
Texas  is  shown  by  the  fact  that  aioce  the  passage  of  the  lav  more  than 
2  000  miles  of  railroad  have  been  built,  both  by  trunk  lines  and  by 
small  independent  corporations,  and  have  been  paid  tor  by  aecuritiee 
issued  under  its  restrictions.  This  ie  evidence  that  the  law  does  not 
hamper  or  entirely  thwart  l^itimate  railroad  construction.  The  hue 
and  cry  raised  against  the  law  and  its  administration  can  in  every  case 
be  traced  to  someone  who  does  not  understand  its  provisions,  or  to 
some  old  promoter  whose  avocation  of  building  railroads  for  purely 
speculative  purposes— intending  to  reap  profits  out  of  bonuses  and 
qnestionable  construction  contracts — is  practically  destroyed. 

Mr.  E.  L.  Gorthell  asks; 

"  Would  it  not  be  more  reasonable  to  obtain  the  contract  prices 
paid  by  the  company  in  oonstmoting  its  railroads,  and  the  actual  cost 
from  its  books  when  doing  the  work  by  its  own  day  labor?" 

Assuredly,  anch  a  practice  would  be  advisable,  and,  aa  a  matter  of 
fact,  such  is  the  practice  actually  carried  out  by  the  Commission 
whenever  it  is  possible  to  obtain  the  information.  When  valuing  new 
properties,  the  Oommiasion  requires  that  all  original  contracts,  for 
construction  of  every  character,  be  submitted  for  its  inspection, 
together  with  the  company's  estimates  of  the  actual  quantities  of  all 
kinds  of  construction.  The  estimates  of  value  made  up  from  theee 
are  intended  to  be  liberal,  and,  if  anything,  more  than  cover  the  actual 
cost.  All  the  original  right-of-way  deeds,  franohisea,  etc.,  are  filed 
with  the  Commission  for  examination,  and  a  liberal  allowance  is  made 
for  the  value  of  right-of-way,  depot  and  terminal  grounds,  in  accord- 
ance with  what  appears  to  be  the  actual  market  value  of  the  property, 
including  a  certain  percentage,  in  addition,  for  damages  that  may  or 
may  not  have  been  paid  to  abutting  property  owners,  No  deduction 
is  made  for  the  value  of  property  whioh  may  have  been  partially  or 
wholly  donated. 

The  Commission  has  the  figures  of  actual  cost  in  every  case  where 
they  can  be  obtained.  In  the  case  of  old  railroads,  existing  at  the 
time  of  the  passage  of  the  law,  eit^ept  is  a  few  instances,  the  con- 
struction records,  notes  and  sometimes  even  all  the  original  maps  and 
profiles,  had  been  destroyed,  mislaid  or  carried  out  of  the  State.  A 
number  of  the  lines  had  been  built  by  construction  companies  for 
anch  stock  and  bonds  as  may  have  been  issued,  and  uo  records  or 
estimates  of  cost  were  ever  turned  over  to  the  railroad  companies. 

It  should  be  borne  in  mind  at  all  times  that  the  Commission  was 
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directed  b;  the  law  to  make  an  "estimate  of  value,"  and  not  an  Mr. Thompwa. 

"  estimate  of  cost."  Of  course,  it  wastlieiiiteDtioii  of  tbelaw  tbat  the 

"  estimate  of  value  "  should  be,  to  some  extent,  baaed  on  the  actoal 

cost,  where  such  coat  was  reasonable  to  the  company,  but  the  aotnal 

cost  cannot  be  adopted  as  the  basis  for  value  in  everj  case.     Aa  a 

physical  proposition,  a  yard  of  earth  has  the  same  value  in  one  railroad 

as  in  another  in  contignoua  territory,  although  the  actual  cost  in  one 

case  may  have  been  10  cents,  while  in  the  other  it  may  have  been  16 

conta,  per  onbic  yard.   If  16  centa  per  cnbic  yard  be  considered  by  the 

Oommission  aa  the  value  of  earth  for  one  railroad,  to  be  consistent,  it 

must  also  valne  earth  in  the  other  at  16  cents  per  onbic  yard.     The 

fact  that  one  company  was  able  to  let  its  earthwork  by  contract  for 

less  than  the  other  company  does  not  make  its  earthwork  less  valuable 

in  the  ejea  of  the  Commiaaion. 

The  writer,  certainly,  is  not  one  to  contend  that  "seasoning"  of 
the  roadbed  of  a  railroad  doea  not  in  a  aenae  add  to  its  physical  value. 
It  is  valuable  in  many  ways,  vit.,  the  maintenance  charges  per  mile 
are  less,  the  danger  of  accidents  is  decreased,  the  wear  and  tear  on 
rolling  stock  ia  less,  etc.  But  the  question  to  be  decided  by  the  Com- 
mission, when  establishing  its  methods  of  valuation,  was  whether  or 
not  such  valne  waa  mortgageable,  and,  if  ao,  how  could  ita  value 
be aacertained.  The  eipenae  of  "aeasooiDg"  is  properly  charged, 
tbrongh  roadbed  account,  to  maintenance,  and  does  not  apptear  in  the 
"permanent  improvement"  or  "capital"  accounts.  It  involves  no 
additional  outlay  of  capitaJ  by  the  owners  of  the  road,  in  the  sense 
that  other  permanent  improvements  do,  and  hence  is  not  value  that 
ahonld  be  mortgaged;  that  ia,  interest  charges  should  nut  bejiermitted 
to  be  collected  thereon.  In  accordance  with  the  deoiaions  of  the  Fed- 
oral  Goarts,  the  Commission  mnet  permit  snfBcient  rates  on  freight  to 
enable  the  railroads  to  earn,  in  addition  to  operating  and  maintenance  . 

expenses,  a  fair  rate  of  interest  on  the  value  of  the  property.  Had  it 
recognized  that  "seasoning  of  roadbed"  was  an  item  which  must  be 
valued  in  determining  theamount  of  stock  and  bonds  which  a  railroad 
ooald  issue,  it  wonld  have  been  in  the  position  of  imposing  a  doable 
charge  on  the  pnblic  on  acconnt  of  sncb  valne,  vU.,  the  original  cost 
of  such  "  seasoning  "  and  an  annual  interest  on  such  cost. 

Mr.  Corthell  is  decidedly  in  error  when  he  states  that; 

"  The  estimate  on  which  to  baae  the  permitted  iasue  of  stocAn  and 
bonds  ia  made  upon  the  report  of  an  engineer  who  goes  over  the  road 
with  a  profile  and  eatimatea  his  qnantities  from  center  heighta. " 

Up  to  this  time,  in  the  history  of  the  Commission,  there  has  never 
been  an  instance  where  atocka  and  bonds  have  been  isaned  on  this 
basis.  In  all  oaaes  that  have  come  up  the  railroads  have  been  able  to 
aupply  the  Commiaaion  with  the  actual  quantities  of  graduation.  The 
only  instances  when  the  approximate  method  waa  used  were  in  the 
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■r.  Thompson,  valaatioDe  of  Bome  of  the  older  railroads,  already  mortgaged,  the 
actual  quantities  of  gradnatiou  for  which  were  nnobtainable  ttom  ao; 
eonrce,  and  it  is  probable  that,  when  theee  properties  come  np  here- 
after before  the  CommiBsion,  vith  application  for  issnaiice  of  neir 
mortgagee,  aconrate  aarvejs  will  have  been  made,  and,  if  the  estimates 
offered  are  considered  bj  the  Commission  to  be  correct,  thej  will  be 
adopted  bj  it. 

Under  the  Law,  Article  4581  c,  "to  promote  public  interesta  and 
protect  private  rights,  the  Commission  maj  ourrect  its  report  of  value 
of  an  J  railroad  at  any  time  it  may  deem  proper."  The  valnationB 
which  have  been  made  and  published  bj  the  CommiaBion  are  not  neces- 
sarily, as  Mr.  Corthell  appears  to  assome,  entirely  permanent.  A  new 
valuation  can  be  ordered  whenever  the  Commiesion  considers  that 
justice  demands  it,  and  the  Commission  is  composed  of  just  and 
reasonable  men.  The  chief  function  of  the  Commiesion  in  this  par- 
ticnlar,  as  is  emphasized  by  the  Stock  and  Bond  Law,-  iB  to  see  that 
the  stocks  and  bonds  hereafter  issned  by  a  railroad  do  not  exceed  a 
"  reasonable  value  of  its  property."  Whenever  application  is  made 
by  a  railroad  for  authority  to  issue  stocks  and  bonds,  it  becomes  the 
doty  of  the  Gommisaion  to  ascertain  the  value  of  the  railroad  property 
at  that  time,  and  the  value  of  all  permanent  improvements,  equip- 
ment, etc.,  that  have  been  added  since  any  former  valnation,  must 
necesBarily  be  included.  Although,  np  to  this  time,  only  one  oaae  of 
this  kind  has  come  before  the  Commission  for  action,  it  is  considered 
that  under  the  law  it  has  no  discretion  in  the  matter,  and  must  revalne 
a  railroad  whenever  application  is  made  and  the  ocoasion  demande. 

Since  most  of  the  railroads  of  Texas  were  valued  in  1894  and  1895, 
just  after  the  passage  of  the  Stock  and  Bond  Law,  it  must  not  be  snp- 
posed  that  the  Commission  holds  that  they  are  worth  no  more  to-day, 
as  a  basis  for  issuance  of  securities,  than  at  the  time  of  valnation. 
The  average  valuation  per  mile  of  those  railroads  which  have  been 
valued  is,  as  stated  in  the  paper,  S16  120.  It  is  highly  probable  that, 
if  a  revaluation  were  ordered  to  be  made  now  by  the  Commission,  on  the 
same  basis  as  used  formerly,  this  average  per  mile  would  be  incie«sed 
several  thousand  dollars  on  account  of  the  great  amount  of  permanent 
improvements  and  equipment  that  have  been  added  to  the  railroads 
during  the  past  ten  years.  The  value  of  these  improvements,  and  a 
reasonable  amount  for  appreciation  in  all  real  estate,  would  have  to 
be  added  to  the  former  valuations. 

An  important  featare  of  the  Texas  Bailroad  Stock  and  Bond  Law, 
one  that  should  not  be  overlooked  by  anyone  attempting  to  criticise 
it  and  the  methods  of  railroad  valuation  it  prescribes,  is  the  enhanced 
value  it  has  given  to  railroad  securities  in  Texas.  A  comparison  of  the 
market  value  of  the  stocks  and  bonds  of  the  railroads  of  Texas  to-day 
with  those  of  ten  years  ^o  will  convince  the  most  skeptical  of  this 
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fact.  The  vriter  has  in  mind  one  railroad,  which  was  in  the  hands  of  U 
a  receiver  at  the  time  of  the  paasago  of  the  law,  and  which  recently 
built  an  extension.  The  bonds  issited  b;  this  railroad,  to  the  ralne  of 
this  extension,  nnder  the  order  of  the  Commission,  sold,  on  the  aver- 
i^e,  for  108,  of  itself  a  handsome  profit  on  the  capital  involved,  exclu- 
sive of  the  liberal  donations  of  land  and  mone?  which  the  companj 
received  from  the  commnnitiea  penetrated.  These  were  &%  bonde, 
and,  bod  S%  bonds  been  issned,  the  limit  allowed  bj  law,  the  profit 
from  their  8«le,  probablj,  wonld  have  been  greater.  Certain  Texas 
railroad  seonrities  which  were  hawked  about  the  brokers'  offices  of 
Wall  Street  and,  with  diflScnlty,  foond  sale  at  40  and  60,  ten  years  ago, 
wonld  now  find  ready  pnrohaaers  at  par  or  a  little  leas,  had  they  the 
stamp  of  approval  of  the  Railroad  Oommission. 

Another  significant  fact  is  thai  only  »  short  time  before  the  Stock 
and  Bond  Law  became  efiective  abont  S9%  of  the  railroads  in  Texas 
were  in  the  hands  of  receivers.  To-da;  there  is  not  a  mile,  of  the 
11  300  miles  in  Texas,  in  the  hands  of  receivers,  and,  with  a  few  nnim- 
portant  exceptions,  no  railroad  has  been  in  the  handsof  receiverssince 
the  law  went  into  effect.  The  fact  is  that  there  has  been  no  piece  of 
legislation,  in  this  or  any  other  State  of  the  TJnion  during  the  past 
decade,  which  has  been  so  fmitfnl  of  results  and  beneficent  in  its  action, 
alike  to  the  railroads  and  the  people. 
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ToloDtoers,  penetrated  the  mine  abont  700  ft.  At  tbia  point  the;  were 
all  overoome  bj  foul  air  and  Mr,  Taylor  waa  nnable  to  retreat.  When 
found  he  was  dead,  and  the  presence  of  an  indentation  in  the  forehead 
gmve  assurance  that  his  death  was  inetaDta&eons.  His  oompaniona 
were  saved. 

The  man  whom  he  found  alive  proved  to  be  the  sole  snrvivor  of 
»boDt  one  hundred  and  aeventy-flve  in  the  mine  at  the  time  ot  the 
explosion;  and  that  he  did  anrvive.  the  subsequent  examinations  of 
the  mins  showed  to  be  little  short  of  miracnlons.  It  is  pretiiimed  that 
this  survival  led  Hr.  Taylor  to  think  that  the  cwnolosione  reached 
before  entering  the  mine  were  at  fault,  and  that  still  others  might  be 
alive. 

The  motives  that  actuate  the  simplest  line  of  human  conduct  can 
but  larelj  be  clearly  and  accurately  defined.  But  quick,  decisive 
itetion  was  cbaracteriBtic  of  this  man.  Hie  daringepirit  wasevidenoed 
by  every  move  of  his  professional  and  bneineee  career.  His  tender 
heart  was  manifested  by  a  host  of  benefactions.  And  his  many  friends 
feel  that  these  characteristios  held  in  abeyance  his  judgment  and  led 
him  to  hia  untimely  death. 

Although  Hr.  Taylor's  life  was  short,  his  mining  career  was  com- 
paratively long  and  eventful.  He  entered  the  office  of  B.  L.  McCullj, 
Civil  and  Mining  Engineer,  on  April  1st,  1880,  was  admitted  by  him 
aa  partner  on  August  15th,  1863,  and  assumed  charge  of  the  mining 
work  of  the  firm,  which  he  retained  up  to  the  time  the  partnersbip 
was  dissolved,  in  October,  1890.  This  was  the  period  of  his  work  in 
the  field,  and  it  was  dnring  this  time,  largely,  that  he  acquired  the  in- 
timate knowledge  of  the  bituminous  coal  fields  of  Pennsylvania  and 
the  methods  of  their  exploitation  that,  later,  placed  him  in  the  first 
rank  of  mining  engineers  of  the  United  States.  In  1886  be  wrote  a 
portion  of  the  Annual  Report  of  the  Geologir^al  Survey  of  Pennsylva- 
nia, describing  the  mining  methods  in  use  in  the  bitnminoas  cool  re- 
gion ot  Western  Pennsylvania,  and  in  IBSS  was  appointed  by  Qovemor 
Beaver,  of  Pennsylvania,  one  of  the  two  mining  engineers  who  are 
appointed  every  four  years,  to  serve  on  the  Board  of  Examiners  for 
Bttnminons  Mine  Inspectors.  He  also  assisted  with  valuable  coun- 
sel in  the  framing  of  the  Act  of  1893,  revisiDg  the  mine  laws  pertain- 
ing  to  the  bituminous  coal  region. 

From  the  spring  of  1891  until  the  time  of  hie  death  he  was  actively 
engaged  in  construction  and  consultation  practice.  His  examinations 
and  reports  cover  practically  all  the  known  bituminous  coal  areas  of 
the  United  States,  and,  at  the  time  of  his  death,  one  of  his  assistants, 
■oting  under  his  instructions,  was  engaged  in  the  examination  ot  a 
eoal  field  in  Southeastern  Borneo  for  the  benefit  ot  English  capitalists. 

The  individual  mines  which  he  developed  are  too  numerous  for 
mention  in  this  memoir.     His  two  principal  monuments,  in  this  class 
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of  work,  are  the  developmentR  of  the  Enreka  Fuel  CompaDy,  in  tlie 
*>  New  Klondike ''  region  in  Fajette  Connty,  Pennsjlvania,  since  ab- 
sorbed by  the  United  States  Steel  Company,  and  that  of  the  Pitte- 
bnrg  Terminal  Railroad  and  Coal  Company,  in  the  immediate  vicinity 
of  Pittsburg.  The  former  coneiBte  of  fonr  mines,  1  200  beehive  coke 
ovens,  a  pumping  station  and  about  12  miles  of  pipe  line;  the  latter 
consists  of  seven  mines  opened  simnltaneonHly  for  the  production  of 
steam  and  domeHtic  coal.  Both  these  developments  are,  in  the  strict- 
est sense  of  the  vord,  representative  of  their  class.  They,  in  common 
with  all  his  work,  are  chiefly  marked  by  the  simplicity  of  the  means 
naed  to  attain  the  desired  end;  the  combination  and  adaptation  of  old 
and  well-tried  methods  and  the  oarefol  laying  ont  of  work  in  advance 
based  on  aconrate  surveys.  The  commercial  success  of  bis  work  has 
been  largely  due  to  these  factors. 

At  varions  times  in  Mr.  Taylor's  career,  he  received  tempting  offers 
to  devote  his  entire  time  to  separate  organizations.  These  he  refused, 
preferring  the  greater  freedom  of  his  general  practice.  In  the  year 
1900  an  opportunity  was  presented  to  acquire  a  very  favorably  located 
coal  field,  about  25  miles  from  Pittsburg.  In  this,  Mr.  Taylor  inter- 
ested some  few  personal  friends,  and  with  them  organized  the  Midland 
Coal  Company.  Dock  facilities  were  secured  at  Cleveland,  and  a  rapid 
and  systematic  development  of  the  coal  field  was  carried  forward, 
with  the  result  that,  at  the  close  of  the  year  1902,  three  first-class 
mines  and  8  miles  of  railroad  were  bnUt  and  in  active  operation. 

The  situation  of  the  property,  in  connection  with  its  first-class 
development  and  the  shipping  facilities  which  had  been  acquired  at 
Cleveland,  gave  it  such  value  in  the  eyes  of  the  Pittsburg  Coal  Com- 
pany that  the  entire  improvements  were  purchased  by  them  at  a  large 
figure,  and  the  entire  acreage  of  coal  was  tamed  over  to  them  under 
a  lease  the  duration  of  which  was  forty  years,  the  terms  being  so 
couched  that  it  practioally  amounted  to  a  sale  of  the  entire  holdings 
of  this  company  to  the  Pittsburg  Coal  Company. 

During  the  progress  of  these  negotiations  Mr.  Taylor  had  become 
iuterested  in  the  exploitation  of  a  large  body  of  Freepoit  coal  within 
12  miles  of  Pittsbnrg.  The  value  of  this  property,  np  to  this  time, 
bad  been  unrecognized;  but  a  systematic  exploration,  by  drilling  and 
otherwise,  justified  Mr.  Taylor  in  his  judgment  that  this  hitherto 
unknown  coal  field  was  one  of  the  most  valuable  and  easily  acceasible 
bodies  of  coal  that  has  ever  been  known  in  the  vicinity  of  Pittsbnrg. 
This  tract  was  partially  developed  at  the  time  of  his  death,  and  is  s^ 
in  the  hands  of  his  estate. 

Owing  to  the  reputation  Mr.  Taylor  had  acquired  in  the  operating 
end  of  the  coal  bnsiness,  by  his  development,  successful  operation 
and  advantageous  sale  of  the  Midland  Coal  Company,  and  the  brilliant 
opportunity  which  he  bad  grasped  in  the  above-mentioned  field  of 
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Freeport  coal,  OTertnres  were  made  to  him  bj  prominent  financial 
intereate  which  eventualtj  led  to  the  projection  of  the  National  Goal 
And  Coke  Company,  intended  to  operate  the  above- dee cribed  Indiaoola 
coal  property,  as  well  as  some  1  700  acrea  of  exceptionally  fine  coking 
coal  on  the  Monoogahela  River,  8  milea  above  Brownaville.  Us. 
Taylor  was  chosen  president  of  this  company,  and  his  was  the  influence 
vhioliwas  counted  upon  to  interest  Pittsburg  capital,  and  also  to 
cany  its  development  and  operation  to  a  sncoessfal  conclusion. 

Mr.  Taylor's  career  covered  a  period  of  rapid  growth  in  the  im- 
portance of  the  engineer's  connection  with  bituminous  coal  mining, 
And  was  largely  instramental  in  fostering  this  growth.  In  its  begin- 
ning, the  engineer  was  a  rarity  in  the  Pittsburg  region;  there  was 
simply  the  surveyor  making  maps  of  mine  workings  with  the  direction 
of  which  he  had  nothiug  to  do.  At  its  close,  the  engineer  is  para- 
mount, and  few  moves  are  made  without  his  counsel. 

As  is  the  case  with  all  good  engineers,  Mr.  Taylor's  office  was  one 
of  the  schools  of  engineering  that  publish  no  catalogue  and  make  do 
address  to  the  general  public.  But  a  large  number  of  young  men 
have  taken  either  partial  or  complete  courses  in  it.  Many  of  them 
are  holding  positioaa  of  responsibility  elsewhere,  and  all  of  tfaem  bold 
in  remembranoe  his  valued  teaching  and  kindly  attitude  toward  the 
beginner.  His  own  edacation  was  acqnired  in  the  ward  and  high 
schools  of  Pittsbni^,  entering  the  latter  at  a  very  early  age.  His 
father  was  a  prominent  member  of  the  Allegheny  County  bar,  and, 
being  by  natnre  a  profound  student,  with  mathematical  attainments 
far  above  the  average,  rendered  valuable  assistance  to  the  son  in  the 
preparatory  stages  of  his  engineering  work. 

Mr.  Taylor  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  October  Tth,  1903.  For  many  years  he  had  been  a 
prominent  member  of  the  Engineers'  Society  of  Western  Pennsylvania, 
And  was  a  member  of  its  Board  of  Directors  at  the  time  of  his  death. 
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By  Abthuk  H.  Duhant,  Jun.  Ah.  Soc.  C.  £. 
To  BK  Fbesknted  Sefteiibbb  7th,  1904. 


Before  proceeding  with  the  description  of  tlie  pumping  pUnt, 
vhioh  IB  to  be  used  in  case  of  emergency  only,  the  writer  deems  it 
advisable  to  give  a  brief  statement  as  to  the  necessitj  for  its  inetftlU- 
tion. 

As  is  generally  known,  the  City  of  New  York  receives  its  water 
supply  throDgh  the  New  Croton  Aqnednct,  which  begins  at  the  inlet 
gate-house,  near  the  Old  Croton  Dam,  Croton  Lake,  and,  after  reach' 
ing  Shaft  No.  21,  on  the  Bronx  side  of  Washington  Bridge  and  near  it, 
passes  under  the  Harlem  RiTer  to  Shaft  No.  25  and  thence  to  the  ter- 
minal gate-honee  at  One  Hundred  and  Thirty-fifth  Street,  near  Am- 
sterdam Avenue. 

Provision  has  been  made  for  emptying  the  aquednct  whenever 
necessary.  The  inlet  gates  at  Croton  Lake  can  be  closed,  thus  prevent- 
ing water  from  entering  the  aqueduct.  To  empty  that  portion  be- 
tween Croton  Lake  and  Washington  Bridge,  there  are  blow-off  gates 
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at  Shftft  No.  9,  Pocantico;  at  Shaft  No.  14,  Ardeley;  at  Shaft  No.  18, 
Sonth  Tonkers;  and  at  Shaft  No.  24,  near  Washington  Bridge. 
Theie  are  also  blow-off  pipes  on  the  stretch  between  Shaft  No.  26  and 
the  terminal  gste-houee,  bo  that  the  aquednat  can  be  mode  to  emptj 
iteelf,  with  the  exception  of  that  portion  constitnting  the  Harlem 
Biyer  crossing  or  siphon,  Fig.  1.  This  siphon  is  emptied  bj  Shaft  No. 
26,  the  pump-shaft. 

Shaft  No.  26  (see  Fig.  2)  is  reallj  a  donble  shaft,  the  northerlj  one 
being  the  aqnednct-ehaft,  and  the  soatherlj  one  the  pnmp-ahaft. 

The  aqnednot- shaft  is  12.25  ft.  in  diameter,  and,  at  a  point  abont 
10  ft.  above  high  water,  the  aqueduct  continnee  on  its  waj  to  the  ter- 
minal gate-house.  The  pump-shaft,  also  12.25  ft,  in  diameter,  is 
completelj  lined  with  iron,  and  contains  a  samp  extending  21.75  ft. 
below  the  bottom  of  the  siphon  tunnel.  An  opening,  1  ft.  6  in.  b^ 
2  ft.  6  in.,  and  3  ft.  below  the  invert  of  the  tunnel,  regulated  l^a 
gate,  admits  the  water  into  the  pump-shaft.  This  gate,  being  417  ft. 
below  the  top  of  the  shaft,  is  of  composition  metal,  moving  in  solid 
composition  grooves,  and  is  designed  so  that  no  obstructions  can  ac- 
cumulate in  the  frame.  It  is  raised  hj  a  square  stem,  3.5  bj  3.5  in., 
guided  eveij  12  ft.,  and  contained  in  a  3-ft.  pipe  built  in  the  maeonrj. 
This  pipe  also  contains  a  ladder  reaching  from  the  top  (Elevation 
84.5)  to  the  bottom  (Elevation — 312.75).  A  plan  of  the  connection  i& 
shown  in  the  "  Section  through  A  B,"  Plate  XXII.  Ab  each  shaft  is 
under  the  hjdranlio  grade,  it  can  be  closed  by  a  double  set  of  man- 
holes with  covers.  For  the  purpose  of  blowing  off  the  water,  each 
shaft  is  connected  with  a  48-in.  cast-iron  pipe,  with  two  gates,  and 
discharging  into  the  river. 

Over  the  pump-shaft  was  erected  a  bnoket-hoist,  composed  of  two 
alternating  buckets,  each  of  1  390  gal.  capacity.  These  were  raised 
and  lowered  by  a  horizontal  steam  engine  capable  of  emptying  each 
in  0.5  min.  Fig.  3,  prepared  by  Mr.  F.  S.  Cook,  Engineer  in  Charge 
of  the  Dranghting  Bureau  of  the  Aqnednct  Commissioners,  shows  the 
volumes  of  water  to  be  lifted  in  emptying  the  siphon.  With  thia 
plant,  it  would  have  taken  from  15  to  18  hr.  to  aocomplish  this  task, 
provided  the  engines  conld  have  coutinned  at  the  aforesaid  rate.  As 
shutting  down  the  aqueduct  would  entail  serious  inconveniences,  tie 
present  water  consumption  being  about  296  000  000  gaL  per  day,  the 
Aqueduct  Commissioners  deemed  it  necessary  to  install  a  pumping 
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plant  which  could  emptj  the  eiphon  in  12  hr.  or  lees,  as  every  hoar 
gained  would  be  of  material  advantage.  Aoeordiagly,  bids  were  re- 
ceived for  each  a  plant,  and  the  contract  was  awarded  to  the  Pnen- 
matic  Engineering  Companj.who  proceeded  to  install  the  Harris  S7B- 
tem  of  pnenmatio  pnmp.  The  contract  epeoified  that  2  500  000  gal. 
be  raised  337  ft.  in  12  hr. ,  with  a  bonne  of  95  000  for  every  horn  less 
than  12  hr.,  and  a  penalty  for  oaoh  bonr  longer. 


FiQ.  a. 
This  syBtem,  briefly  described,  conaiata  of  a  27  by  4S-ia.  Comstock 
compresBOr,  twin -connected;  the  steam  engine,  24  by  48-in.,  being  the 
improved  horizontal  type,  with  Corliss  valves.  Free  air,  being  com- 
pressed,  passes  through  coolers,  throngh  a  switch  apparatus,  down 
pipes  into  four  water  tanks  working  in  pairs  at  the  bottom  of  the 
pamp-shaft.  An  auxiliary  compressor  sapplies  the  necessary  air  for 
running  the  plant  with  the  greatest  efiBciency.  (See  Plate  XMV.) 
The  system  ia  described  more  fully  in  the  latter  part  of  this  paper. 
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Tfae  installation  was  attended  with  pecnliar  diffionltiee.  Leaks 
have  developed  in  the  pump-ehsft,  since  ita  conatmction,  keeping  it 
full  of  water  np  to  the  blow-off  pipe.  Weir  meaanremeats  taken  in 
this  pipe  show  a  leakage  of  about  200  gal.  pec  roin.  As  there  was  no 
way  of  emptjing  the  abaft  and  keeping  it  empty,  all  work  had  to  be 
done  on  an  erecting  platform  bnilt  near  the  blow-off  pipe.  A  S-io. 
ejector  kept  the  water  about  15  ft.  below  the  platform. 

As  before  stated,  the  shaft  is  below  the  bydratilio  grade.  If  the 
gate  between  the  aqnednot-shaft  and  the  pnmp-ehaft  were  to  be 
opened,  and  the  blow-off  gates  closed,  it  wonld  be  neoessary  to  pat  on 
the  covers  of  the  manholes  in  the  diaphragms.  For  this  reason,  the 
aii-pipes  leading  down  to  the  four  water  tanks  (see  Plate  XXII)  conld 
not  pass  through  the  manhole  openings,  but  had  to  pass  through  four 
holes  bored  through  the  brickwork  and  iron  lining  of  the  two  dia- 
phragms. As  seen  in  the  drawing,  these  diaphragms  are  eaofa  about  9 
ft.  thick,  with  a  space  of  6.7  ft.  between  them.  The  Rand  I>rill  Com- 
pany's Davis  Calyx  drill  was  used  in  making  the  four  holes,  each  9  in. 
in  diameter,  steel  shot  being  used  for  the  cutting  surface.  Cores, 
from  3  to  4  ft.  long  were  taken  oat,  showing  the  efficiency  of  drills  of 
this  style. 

For  the  purpose  of  lining  these  holes,  and  making  them  continnons 
between  diaphragms  a  6.75-in.  cast-iron  pipe,  with  aflange  at  one  end, 
was  plaoed  in  each  hole  of  the  npper  diaphragm,  the  flange  resting  on 
its  upper  side.  A  similar  pipe  was  placed  in  each  hole  of  the  lower 
diaphragm,  the  flange  being  bolted  to  the  iron  lining  of  the  underside 
thereof.  A  short  length  of  pipe,  of  the  same  inside  diameter  and  with 
a  bub  on  each  end,  connected  the  two  pipes  of  each  hole.  Perfectly 
tight  joints  were  made  with  lead.  The  utmost  care  had  to  be  taken  in 
pouring  the  lead  as  there  was  a  great  deal  of  moisture  in  the  spaee  be- 
tween the  diaphragms. 

While  these  holes  were  being  drilled,  the  old  bncket-hoiat  engines 
were  taken  apart  and  removed,  the  buckets  having  been  taken  ont  of 
the  shaft  previously.  The  old  brick  foundations  also  had  to  be  ont 
away  to  make  place  for  the  new  ones.  The  new  fonndations,  both  for 
the  compressor  and  the  steam  engine,  are  each  9  ft.  high,  8  ft.  wide 
and  32.5  ft.  long.  They  are  composed  of  a  1 : 3'.$  concrete  mass  finished 
with  a  1-ft.  granite  coping  stone  over  the  entire  top.  The  foundation 
of  the  anziliary  compressor  is  also  of  concrete,  with  granite  coping 
atones. 
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this  part  had  to  be  remoyed,  otherwise  no  tight  joints  could  hare  been 
made.  To  return  the  pipes  to  the  foundry  would  have  oansed  the  lose 
of  too  mooh  time,  therefore  a  lathe  waa  rigged  up  outside  of  the 
engine-room.  Sand  was  atrewn  oTer  the  apace  to  be  need,  some  iron- 
grating  flooi-platea  from  the  shaft-honsa  were  embedded  in  the  eand, 
and  several  pieoes  of  the  coping  atone  of  the  old  engine  fonnda- 
tiou  were  placed  on  top  of  the  plates.  Two  l&-in.  X-beame,  20  ft. 
long,  with  a  space  of  about  i  in.  between  them,  were  laid  on  top  of 
the  stones  and  fastened  flrmlj  by  steel  roda  passing  down  to  the 
grating  plates.  The  X-beams  were  leveled  caretnUy,  and  the  14-in. 
pipes,  being  laid  on  top,  were  thus  also  level.  The  pipes  were  held 
fast  by  a  V-shaped  clamp  at  each  end.  A  chuck  holding  the  cutting 
tool  was  geared  to  a  shaft  which  was  revolved  bj  being  belted  to  a 
small  vertical  steam  engine.  The  tool  was  fed  antomntioally  into  the 
flange  to  be  faced  bj  means  of  a  star  wheel  which,  at  each  rerolation 
of  the  chuck,  would  strike  one  of  its  pron^  against  a  projecting 
board,  thus  causing  the  tool  to  out  deeper.  This  apparatus  proved 
to  be  very  efBoient,  as  the  faces  of  the  flanges  were  made  absolutely  at 
right  angles  to  the  axia  of  the  pipe,  thus  enstiTing  a  perfectly  straight 
column  when  the  lengthe  were  bolted  together.  There  were  thirty- 
two  pieces  to  be  faced  on  each  end,  and  the  entire  work  was  com- 
pleted in  11  days. 

While  this  was  being  done,  men  were  engaged  is  placing  an  erect- 
ing platform,  just  below  the  blow-off.  This  consisted  of  brackets 
fastened  to  the  east  and  west  sides  of  the  shafts  with  bolts  let  into 
the  iron  lining.  On  these  brackets  was  placed  a  l&-in.  X-beam,  which 
was  bolted  down.  Besting  upon  thie  beam,  and  also  upon  brackets 
fastened  to  the  north  and  south  sides  of  the  shaft,  were  placed  12-iu. 
timbers,  over  which  a  3-iu.  plank  flooring  was  fastened.  AH  drilling 
for  atud-bolts  was  done  with  a  pneumatic  drill,  the  air  being 
supplied  by  a  small  Band  Drill  Company's  compressor  on  top  of  the 
shaft. 

iTust  before  the  erecting  platform  was  completed,  there  occurred 
the  only  accident  during  the  entire  installation.  Fortunately,  this 
was  attended  with  no  serious  results.  In  order  to  lower  the  tanks,  it 
was  necessary  to  remove  the  catoh-basin  into  which  the  buckets  of  the 
old  system  discharged. 

The  bottom  plate  is  shaped  like  a  segment  of  a  circle,  with  a  chord 
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of  11  (t.  6  in.,  and  a  riae  of  3  ft.  10  in.,  the  radino  of  the  btc  being  6 
ft.  H  in.  The  weight  of  the  plate  was  abont  2  000  lb.  Two  8  by  12-iD. 
holes  had  been  cnt  into  it  some  yean  ago.  Two  woikmen  wme  on  top 
of  the  plate  paseing  a  chain  through  one  of  the  holes,  when  it  slipped 
from  its  bearings,  tipped  over,  and  dropped  to  the  bottom,  a  diBtsnce 
of  3S3  ft.  The  men  were  thrown  into  the  water,  bat,  with  the  exception 
of  some  braises,  were  not  iujared  eerionBlj. 

Before  lowering  the  tanks,  this  plate  had  to  be  recovered.  Acootd- 
inglj,  the  writer,  with  an  assistant,  sonnded  every  foot  of  the  bottom 
of  the  shaft  with  a  ateel  tape  and  lead  weight,  and  was  fortmi&te 
enongh  to  locate  one  of  the  8  bj  12-iii.  holes.  A  chain  with  s  hook  at 
the  end  was  fastened  to  the  elevator  cable,  lowered  to  the  bottom,  and 
gnided  from  the  ereoting  platform  bj  a  ribbon  tape.  The  hole,  located 
by  previone  soundings,  was  again  fonnd,  and,  after  two  or  three  trials, 
the  plate  was  hoisted  to  the  snrface.  A  small  corner  broken  off  was 
the  only  damage  the  plate  sustained. 

As  the  BoiindingB  indicated  some  silt  at  the  bottom  of  the  shaft, 
sixt^f  bags  of  sand  were  damped  into  the  shaft,  the  bottom  being  tbuH 
fairly  leveled. 

The  first  pair  of  tanks  and  fittings,  which  had  been  assembled  at 
ElevatioD  84. C,  was  now  taken  apart,  prepacOitorj  to  being  lowered  to 
the  erecting  platform.  The  elevator  cage  was  hoisted  oat  of  the 
shaft,  so  that  its  cable  could  be  used.  Each  tank  was  first  lowered  to 
the  top  of  the  first  diaphragm  with  a  block  and  fall.  The  elevator 
cable  was  then  attached  and  the  tank  was  lowered  to  the  erecting- 
platform.  The  tank  was  hung  with  such  exactness  that  it  passed 
through  the  manhole  without  binding,  although  there  was  00)7 
about  i  in.  clearance.  The  T's  and  V's,  and  other  parts  having 
been  lowered,  the  first  pair  of  tanks  was  again  assembled,  and  placed 
in  the  exact  position  in  which  thej  would  have  to  be  lowered  to  the 
bottom. 

The  first  pair  of  tanks  being  out  of  the  waj,  the  hydraulic  lower- 
ing apparatus  was  set  up  in  the  south  half  of  the  shaft  at  EUevation 
84.5  (see  Plate  XXII).  This  apparatus  consists  of  a  cylinder  with  a 
plunger  having  a  stroke  of  about  21  ft.,  a  balanced  elevator-valve  and 
pressure  pump,  two  A-frames  on  top  of  the  upper  diaphragm  and  two 
on  the  erecting  platform.  In  the  timber  bents,  10  by  10-in.  betms 
were  used.     Plow-steel  wire  cables  were  used,  and  were  fitted  with 
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sockets  at  each  end.  Their  breaking  strain  waa  98  tone.  A  60-ft. 
length  of  oable  reached  from  the  lifting  1.-beamii  of  the  plunger  to  the 
holding  X-beams  above  the  tanks,  the  plunger  being  abont  1  ft.  from 
the  top  of  its  stroke.  Two  cables  were  used  for  each  pair  of  tanks. 
The  plunger  was  now  raised  as  high  aa  it  oonld  go,  the  tanks  thns 
being  raised  abont  1  ft.,  and  the  planks  and  beams  on  which  the;  had 
been  resting  were  removed.  The  water  in  the  hydranlic  cylinder 
having  been  allowed  to  exhanst,  the  tanks  were  lowered  W  ft.  The 
A-frame  on  the  upper  diaphragm  had  been  pletoed  in  poeitjou,  and  the 
sockets  of  the  60-ft.  cables  rested  on  clamps  which  were  now  bolted 
on.  These  clamps  in  tnm  rested  on  X-bcams  on  top  of  the  bents. 
While  thewhole  weight  rested  on  these  A-'rames,  the  pins, which  held 
the  sockets  of  the  cables  to  the  lowering  I-beams  of  the  plnnger,  were 
removed,  the  plnnger  was  again  raised  to  near  the  top  of  its  stroke,  and 
the  longer  A-frames  on  the  erecting  platform  were  placed  in  position. 
A  20-ft.  length  was  added  to  each  cable,  a  length  of  14-iti.  pipe  to  the 
discharge  pipe,  a  length  of  &-in.  pipe  to  each  of  the  air- pipes,  and  a 
length  of  {-in.  pipe  to  each  of  the  charging  pipes  of  the  air  chambers. 
Each  joint  was  tested  under  an  air  pressure  of  150  lb. ,  as  were  also  the 
tanks  and  Talvea  before  lowering,  to  inenre  perfect  tightness  of  all 
joints.  The  load  was  now  raised  slightly,  the  clamps  removed,  and 
the  tanks  lowered  SO  ft.  The  procedure  being  the  same,  the  taoks 
were  lowered  another  20  ft, ,  this  time,  however,  the  clamps  rested  on 
the  X-beams  of  the  lower  A-f^mes.  The  three  20-ft.  lengths  of  cable 
were  now  taken  out  and  replaced  b;  a  60-ft.  length,  and  the  cycle 
again  started.  In  this  manner  the  first  pair  of  tanks  was  safelj  lowered 
to  the  bottom  of  the  shaft,  a  depth  of  932  ft.  Pipe-g:uides  or  stays 
were  fastened  to  the  pipes  every  60  ft.,  the  ends  of  the  stays  sliding 
along  the  old  bucket-guides.  The  total  weight  lowered  was  estimated 
at  about  10  tons.  The  elevator  cage  wha  now  shifted  to  the  other  side 
of  the  shaft,  as  was  also  the  hydraulic  lift,  and  the  second  pair  of 
tanks  was  lowered  in  the  same  manner  as  the  first.  All  parts  before 
going  down  were  painted  both  outside  and  inside  with  two  coats  of 
"  Nobrac  "  paint. 

The  top  of  the  discbai^e  pipe  of  the  second  pair  of  tanks  was  about 
i  in.  above  that  of  the  first  pair.  Short  lengths  of  discharge  pipe 
added  to  each  brought  them  to  the  same  level.  To  this  discha^e  pipe 
was  added  a  T-P>^^'     A  Y  connected  the  T'pieces,  and  a  20-iu.  goose- 
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veok,  of  galTRoized-iron  pipe  waa  bolted  to  the  Y-  '^^^  P>P^  ^*' 
charged  into  a  catoh-basin  at  the  eotnoce  of  the  blow-off,  the  liottom 
plate  beiog  the  eame  one  that  fell  to  the  bottom  of  the  shaft,  the  sides 
1>emg  smaller  than  those  of  the  old  one.  GoTer-plat«s  were  bolted  to 
the  top  of  the  two  T-pieces.  The  tonr  5-in.  air-pipes  were  now  carried 
tip  to  Elevation  84.5.  Olands,  throngh  which  these  pipea  paseed, 
were  bolted  to  the  flanges  of  the  iron  lining  of  the  holes  through  the 
npper  diaphragm,  so  that,  if  the  covers  of  the  manholes  were  pnt  on, 
the  water  conld  not  pass  between  the  air-pipes  and  the  lining  of  the 
holes.  When  the  shaft  was  built,  a  4-in.  pipe  from  the  bottom  of  the 
lower  diaphragm  to  a  point  1  or  2  ft.  above  the  hydraulic  grade,  served 
as  an  air-vent  when  the  manhole  covers  were  on.  This  pipe  had  been 
removed,  above  the  apper  diaphragm,  and  the  two  j-in.  pipee  were 
carried  through  this  4-in.  opening  to  the  top.  This  j^in  pipe  was 
afterward  replaced. 

At  Elevation  84.6  the  four  Q-in.  air-pipes  were  connected  with  two 
manifolds,  and  from  each  of  the  manifolds  an  S-in.  air-pipe  led  to  the 
switch.  Rj  means  of  these  manifolds,  any  two  tanks  ooald  be  cat  oat 
of  service  and  the  pumping  done  with  the  other  two.  (See  elevation 
of  general  plan,  on  Plate  XXIV.)  The  two  f-in.  pipes  from  the  air 
chambers  were  oonoected  by  a  V<  i^o^  1^  to  the  &-in.  air-pipe  from 
the  aftar-coolere  to  the  switch.  A  |-in.  pipe  from  the  same  point, 
with  a  pin-valve  to  allow  air  to  leak  into  it,  was  hnng  down  into  the 
shaft,  within  6  ft.  of  the  bottom,  passing  throngh  the  4-in.  opening 
through  the  diaphragms.  This  shows  the  pnmping  level  and  the 
presanre  dne  to  the  head  of  water  in  the  shaft.  Aa  8-in.  pipe  carries 
the  retnm  air  from  the  switch  to  the  compressor  on  the  side  opposite 
the  free- air  valve. 

The  switch  consists  of  a  plunger,  with  a  stroke  of  6|  in.,  operated 
by  a  piston  moving  in  a  smaller  cylinder.  The  air  is  introduced  into 
this  smaller  cylinder  by  a  valve  which  depends  for  its  action  on  a  pis- 
ton in  a  small  cylinder,  which,  in  torn,  isoanaed  to  move  by  theacti(m 
of  a  disc-valve.  (See  Fig.  2,  Plate  XXIII.)  The  disc  or  diaphragm  is 
6  in.  in  diameter,  with  a  movement  of  /,  in.,  and  consists  of  two  thin 
sheets  of  bronze  and  one  sheet  of  steel.  A  |-in.  pipe  conveys  the 
retnm  air  from  a  point  near  the  top  of  the  cylinder  of  the  plunger  to 
one  side  of  the  disc- valve,  and  the  |-in.  pipe,  which  shows  the  pninp- 
ing  level  and  pressare  dne  to  the  head  of  water,  leads  to  the  other  ude 
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d(  this  Talve.  This  latter  j-io.  pipe,  conoected  with  the  8-i&.  pipe 
from  the  after-coolers  to  the  switch,  receiTes  air  through  a  pin-Talve, 
and  is  also  piped  to  a  gauge  on  the  gauge-board,  so  that  the  pnmping 
level  and  the  pressnre  dne  to  the  head  of  the  water  can  be  seen  at  a 
glance.  A  small  reservoir  on  this  line  gives  a  constant  supply  of  air. 
The  small,  retnm  air-pipe  is  also  piped  to  a  gauge,  showing  the  return 
pressures.  The  difference  between  the  pressure  dne  to  the  head  of 
the  water  in  the  shaft,  which  for  the  same  leveU  is  constant,  and  the 
retnrn  presHiire  (which  is  varying  constantly,  and  drops  to  zero  when 
the  switch  acts),  canses  the  disc-valve  to  move.  As  the  operation  of 
the  Bwitoh  requires  an  air  presBore  of  only  about  60  to  60  lb.  per  sq.  in., 
a  |-in.  pipe  from  the  8-in.  compressed-air  pipe  conveys  the  air  through 
a  reducing  valve  to  the  cylinder  on  top  of  the  plunger,  and  to  the  pis- 
ton of  the  small  cylinder  operated  by  the  diso-valve.  A  reservoir  on  . 
this  line  also  ensures  constant  pressure.  This  |-in.  pipe  also  leads  to 
a  dial  on  the  gauge-board,  showing  the  pressures  required  to  operate 
the  switch.  The  disc-Talve  moving,  due  to  the  difference  between  the 
pressure  caused  by  the  head  of  the  water  in  the  shaft  and  the  return, 
pressare,  allows  air  to  enter  the  small  cylinder  above  it,  the  piston 
moves,  the  valve  controlled  by  this  piston  motion  allows  air  to  enter 
above  or  below  the  piston  in  the  cylinder  above  the  plunger,  the 
plunger  acts  and  the  air  is  sent  alternately  from  one  8-in.  air-pipe  into 
the  other,  one  of  these  8-in.  pipes  always  serving  to  return  the  air 
through  the  switch  to  the  compressor.  (See  Plate  XXXV.)  Provision 
is  also  made  for  operating  the  actuating  valve  by  hand. 

The  auxiliary  compressor  was  set  up,  the  large  compresBor  and 
engine  were  adjusted,  the  piping  was  completed  between  the  auxiliary 
compressor,  the  large  compressor,  the  switch  after- cooler  a,  and  the 
receiver,  and  the  plant  was  ready  for  operation.  Before  pumping,  all 
joints  were  tested  as  to  tightness. 

The  action  of  the  plant  is  as  follows:  The  large  compressor  is  first 
started;  theexhaust  valve  being  closed,  itrequires  about  312revolutions 
of  the  fly-wheel  to  charge  the  system,  the  free  air  being  compressed  to 
150  lb.  per  sq.  in.  The  free-air  valve  is  now  closed  and  the  switch 
thrown  over  by  hand.  The  compressedairpasses  from  the  compressor 
through  the  two  after-coolers,  into  a  receiver  supplied  with  a  safety 
valve,  and  also  through  the  switch  through  one  of  the  8-in.  pipes, 
througb  its  manifold  into  the  5-in.  air-pipes  and  into  one  pair  of  tanks. 
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The  air  entering  this  pair  of  tanks  forces  the  water  through  the  dis- 
charge pipes  and  empties  the  tanks.  As  soon  as  this  oocTm,  the  retora 
pressnre  from  the  other  pair  of  tanks  being  leas  than  the  preeanre 
dne  to  the  bead  of  the  vater  in  the  shaft,  the  actuating  ralve  of  the 
switch  acts,  the  plnnger  mores,  compressed  air  enteta  these  tanks, 
while  the  air  from  the  other  pair  is  retnming  tbroagh  the  switch  into 
the  compressor  to  be  nsed  over  again,  and  so  on.  A  cycle  cotuiste  of 
the  namber  of  revolutions  of  the  flj-wheel  neoeasarj  for  the  com- 
pressor to  empty  one  pair  of  tanks  to  the  point  of  starting  to  empty 
the  other  pair.  The  number  of  revolutions  per  cycle  Taries  for  dif- 
ferent plumbing  levels,  bnt  is  constant  for  the  same  level.  If  there 
'are  too  many  revolutions  in  charging  the  machine,  or  if  there  ore  too 
many  revolutions  per  cycle,  the  air  follows  the  water  through  the  dis- 
charge pipes,  and  thus  the  system  loses  the  air,  necessitating  the 
opening  of  the  free-air  valve  of  the  compressor  and  recharging.  After 
the  plant  has  been  working,  a  certain  amount  of  air  is  lost,  and  in 
order  to  keep  up  the  proper  number  of  revolutions  per  cycle  the 
auxiliary  compressor  is  started,  and  fnmishee  the  air  to  keep  the  sys- 
tem working  efficiently. 

Before  the  final  test,  many  trials  were  mn.  Indicator  diagrams  of 
the  Corliss  engine  were  taken,  and  adjoetments  were  mode.  The 
goose-neck  discharge  pipe  was  removed,  and  a  30-in.  Qem  meter 
placed  in  its  atoad.  The  oover-platee  were  taken  off  the  X'e,  and  a 
20-ft.  length  of  14-in.  galvanized-iron  pipe  was  added  to  each,  so  that 
no  air  wonld  pass  through  the  meter,  but  would  escape  through  these 
pipes.  (See  Plate  XXTV.)  Many  other  changes  took  place  before  the 
proper  number  of  revolutions  per  cycle  for  different  pumping  levels 
was  determined. 

The  20-in.  Gem  meter  consists  of  a  system  of  helicoids  formed 
around  a  vertical  central  hub,  revolving  in  a  cylinder  slightly  greater 
i.'  length,  and  having  a  diameter  just  large  enough  to  receive  it.  A 
screen  at  the  lower  end  of  this  cylinder  serves  to  keep  large  objects 
from  entering  the  meter.  The  axle  of  the  hub  is  geared  to  the  meter 
register,  which  contains  six  figures  and  reads  thousands  of  gallons. 

As  it  was  necessary  to  test  the  aoonracy  of  this  meter,  before  using 
it,  to  determine  the  efficiency  of  the  pneumatic  pumping  plant,  F.  W. 
Watkins,  M.  Am.  Soc.  C.  E.,  Division  Engineer  of  the  Aqueduct  Com- 
I  Engineering  Department,  assisted  by  the  writer,  made  a 


b,GoogIc 


«.]  PWSDICATIO  POMPIHO   PLAHT. 


^TESTING  PLANT  FOR  URGE  METERS 


b,  Google 


4S6  PNEirVATiO  FUlCPlirQ  PLANT.  [Papen. 

test  o(  the  meter  at  the  testiog  plant  of  the  National  Meter  Companj, 
in  South  Brooklyn. 

The  test  <!Oiiaiated  of  a  oompariBon  of  the  meter  register  records 
Tith  weir  meaeiLrementB  of  the  same  volume  of  water.  The  water  to 
be  meaanred  was  elevated  bj  a  centrifngal  .pump  operated  hy  a  Nash 
gas  engine  to  a  height  which  gave  a  head  saffioient  to  force  the  deaiied 
amoQDt  through  the  meter.  The  water  passed  from  the  pamp,  through 
a  screen,  into  a  small  forebay,  thence  through  the  meter  into  the  L- 
shaped  weir  chamber.  The  base  of  the  ^  is  about  6  ft.  long  and  8  ft. 
wide,  and  the  long  side,  oonatitnting  the  main  weir  chamber,  is  33  ft. 
long,  12  ft.  wide  and  6  ft.  deep  below  the  level  of  the  weir  creet. 
BafBe  boards,  placed  in  the  angle  of  the  L>  serve  to  break  up  any 
eddies  which  may  form.  The  water  flowing  over  the  weir  drope  into 
the  pump-well,  and  the  cycle  is  again  started.  (See  Fig.  i.     Figs.  4  and 

5  were  fumiahed  by  John  H.  Norris,  M.  Am.  Soo.  M.  E.,  Assistant  En- 
gineer, National  Meter  Company,  whom  the  writer  takes  this  oppor- 
tunity of  thanking  for  his  courtesies  during  the  test.) 

The  weir  notch  is  of  cast-iron  plates,  the  plates  forming  the  sides 
of  the  notch  being  adjustabte,  so  that  aDy  length  of  weir,  up  to  8  ft., 
can  be  obtained.  The  crest  was  formed  by  beveling  the  down-stream 
face  at  an  angle  of  45^,  leaving  a  truly  planed  edge  {  in.  thick,  the 
vertical  sides  having  a  similai  bevel.  The  distance  from  the  bottom 
of  the  weir  chamber  to  the  crest  is  6  ft. 

The  apparatus  for  meaBuring  the  head  on  the  weir  consists  of  two 
12-in.  cast-iron  pipes  set  on  end  just  outside  of  the  catch-basin,  one 
containing  a  float  for  the  autographic  record,  the  other  the  movable 
hook-gauge. 

These  pipes  are  couoeoted  by  a  2-in.  pipe  from  which  a  2-in.  pipe 
leads  through  the  wall  of  the  catch-basin,  with  a  valve  at  the  other 
end.  Another  2-in.  pipe  raos  from  this  pipe  to  the  bottom  of  the 
catch-basin,  makes  a  right-angle  bead,  thence,  parallel  to  and  abont 

6  in.  above  the  floor,  it  runs  into  the  weir  chamber  and  connects  with 
a  2-in.  pipe  at  right  angles  to  it,  parallel  to  the  weir  crest,  and  about 
6.25  ft.  from  the  weir  plate.  This  latter  pipe  was  perforated  with 
eighteen  holes,  each  A  >°'  '"  diameter.     (See  Fig.  4.1 

Before  starting  the  teat,  the  relation  of  the  hook-gauge  and  the 
autographic  float-gange  to  the  weir  crest  was  determined  as  follows: 
A  fixed  hook-gauge  was  fastened  a  few  inches  in  front  of  the  weir, 
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and,  by  a  epirit  level,  its  point  was  adjusted  ezactlj  to  the  elevation 
of  the  weir  crest.  (Bee  Fig.  5.)  A  backet,  with  a  labber  hose  attached 
to  the  bottom,  was  hung  over  this  fixed  hook -gauge,  the  other  end  of 
the  hose  being  attached  to  the  2-in,  pipe  leading  to  the  movable 
hook-gange,  and  to  the  antbgtaphic  record.  Water  was  ponred  into 
the  backet  aotil  the  sniface  jnst  covered  the  point  of  the  fixed  book, 
when  the  water  rose  to  the  same  elevation  in  the  two  12-in.  caat-iroD 
pipes.  Tbe  zero  of  the  movable  hook-gange  and  the  fixed  pencil  of 
the  autographic  gaage  were  now  adjusted  to  correspond.  Tbe  anto- 
graphio  gauge  consists  of  a  zinc  float  carrjing  a  brass  rod,  to  which  a 
pencil  is  attached.  Its  point  presses  i^ainst  a  paper  wrapped  around 
a  wooden  cylinder  revolving  once  an  honr  by  clockwork.  Another 
pencil,  attached  to  the  frame  holding  the  dmm,  marks  a  line  corre- 
sponding to  tbe  elevation  of  the  weir  orest,  so  that  the  actnul  heads  of 
water  flowing  over  the  weir  can  be  seen  at  a  glance. 

These  preliminaries  being  over,  the  bncket  was  removed  and  the 
test  begun.  The  weir  opening  was  measured  by  a  standard  steel  rule 
and  was  4.2475  ft.  Sufficient  water  from  the  city  main  was  allowed  to 
run  into  the  catcb-basin,  the  pump  was  started,  and  the  water  began 
to  circnlate.  In  order  that  the  wind  might  not  affect  the  test,  the 
weir  chamber  was  covered  with  boards. 

The  Francis  formula,  with  Hamilton  Smith's  correction,  in  the 
form  of 


e  =  a.«(L-D«t. 


was  used  to  calculate  the  quantity  of  water  passing  over  tbe  weir. 
In  this  formula 

Q  represents  cubic  feet  of  water  per  second; 

L  represents  the  length  of  the  weir  in  feet; 

H  represents  the  head  in  feet. 

The  velocity  of  approach  was  so  smalt  that  it  did  not  enter  tbe 
calculation  at  all.  The  heads  scaled  from  the  antograpbic  record 
checked  very  closely  ^sith  tbe  hook-gauge  record.  Table  No.  1  is  a 
eammary  of  the  tests,  and  is  taken  from  the  report  of  Major  Watkins 
toWiUiam  B.  Hill,  M.  Am.  Soc.  C.  E.,  then  Chief  Engineer  of  tbe 
Aqueduct  Commission. 
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Hater.                  Weir. 

o.ax 
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im)              1008 

1 140                        ■  l«t 
t«6                    ISOS 

These  teste  proved  the  meter  to  be  verj  aocar&te  and  consistent 
for  different  heade,  and  it  was  recommended  bj  Major  Wetluns  as  the 
standard  measore  for  the  pneumatic  pnmping  plant  at  Shaft  No.  25. 

As  it  was  impossible  at  that  time  to  ebnt  down  the  aqtiednct.  so 
that  the  siphon  coald  be  actnally  emptied,  it  was  decided  to  pump  at 
different  water  levels  in  the  pnmp  shaft.  The  water  waa  first  pamped 
ont  throngh  the  blow-off  pipe  nntil  its  surface  was  about  50  ft.  below 
it,  when  the  gate  was  closed  far  enongb  to  allow  onlj  the  leakage  into 
the  shaft  to  pass  through,  the  remaining  water  running  back  into  the 
shaft.  After  pumping  at  this  level  for  an  hour,  the  gate  was  opened 
and  the  water  pumped  down  to  125  ft.  below  the  biow-off,  when  the 
gate  was  closed  down  again  to  allow  only  the  leakage  to  mn  off.  In 
like  manner  the  plant  was  tested  for  levels  176,  226  and  300  ft.  below 
the  blow-off. 

The  average  volumes  pumped  per  minute,  as  indicated  bj  the  Oem 
meter,  were  as  follows: 

At    88  ft.  below  the  blow-off 6  290  gal.  per  min. 

"125   "       "       "       "     *' 6020    "      "      " 

"  175  "       "       "       "      " 6220  "      "      •■ 

"230  "       "       "       "      " 4286  "      "      '■ 

"298   "       "       "       "      " 2180  "      "      " 

A  table  showing  the  details  of  these  tests  has  been  filed  for  refer- 
ence in  the  Library  of  the  Bociet;. 

It  had  also  been  ^reed  to  run  an  endurance  test  of  12  hr.,  pump- 
ing at  a  level  about  175  ft.  below  the  blow-off,  but,  owing  to  the  dis- 
mantling of  several  boilers,  sufScient  steam  could  not  be  obtained  and 
the  test  was  postponed  for  several  weeks.  In  the  meantime,  the 
maehiaei'7  was  overhauled;  a  revolntion  counter  was  placed  on  the 


b/Googlc 


Papers.)  PNBDMATIC   PUMPING   PLANT.  461 

auxiliary  oompreesor,  and  a  small  pomp  lubricator  attaobed  to  the 
B  witch -plunger  cylinder.  A  email  eteam  pomp  was  aleo  connected 
with  the  line  of  water  pipe  leading  from  the  36-in.  pipe  to  the  water 
jackets  on  the  large  and  anxiliarj  compressorB  and  also  to  the  after- 
coolers,  as  previous  to  this  there  was  not  snEBcient  water  to  keep  the 
air  properly  cooled. 

In  ooncluston,  the  writer  wishes  to  express  his  thanks  to  Mr.  J. 
Waldo  Smith,  Chief  Engineer,  and  to  Major  F.  W.  WatkiDs,  Dirision 
Eigioeer,  for  their  kind  interest  in  the  preparation  of  this  paper. 


b,  Google 


MAY,  1904. 


AMEBI0A5  BOOTETT  OF  CIVIL  ENGINEEES. 

IKSTITUTED    IBSC. 


PAPERS  AND  DISCUSSIONS. 


SOME  NOTES  ON  THE  CREEPING  OF  RAILS. 


Br  SiHUKL  Tobias  Waoneb,  M.  Am.  Sog.  C. 
To  BE  Pbbbentrd  Sefteubbb  Txh,  1904. 


In  Janaftry,  1903,  the  writer  commenced  a  eeriea  of  observatiotiB, 
for  the  Philadelphia  and  Beading  Bailwaj  Company,  upon  the  creep- 
ing of  rails  at  a  number  of  pointa  on  the  Company's  lines.  This  work 
was  undertaken  in  order  that  certain  qneationB  propoanded  by  Dr.  P. 
B.  Dudley,  Reporter  for  America,  on  "Ways  and  Works,  Kails  for 
Iiines  with  Fast  Trains, "  for  the  Fifth  International  Railway  Congress, 
could  be  answered  as  intelligently  as  pousible.  The  writer  is  enabled 
to  present  these  data  to  the  Society  by  the  courtesy  of  Theodora 
Voorhees  and  William  Hunter,  Members,  Am.  Soc.  C.  E.,  with  the 
hope  that  they  will  prove  of  interest  and  will  elicit  diBcassion  on  a 
very  interesting  subject  to  the  railroad  engineer. 

Object  of  the  Intestio&tion. 
Among  the  questions,  in  the  circular  letter  of  Dr.  Dudley  above 
referred  to,  were  ten  under  the  heading  "Methods  for  preventing 
creeping,  especially  on  double-track  lines  and  on  steep  gradients," 

Note.— These  npere  are  issued  before  the  date  set  (or  preeentatkin  and  discuoioii, 
CorrcepoDdence  is  mviied  Irom  tbi>s'>  wbo  cannot  be  pre«ant  at  the  msetln^.uul  miv  be 
sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or  >rnccen,  will  be  published  In  s 
subsequent  number  o(  Ptoceedings,  and,  itben  Anally  closed,  the  papers,  mih  discussion 
In  ruU  wlU  be  pubUshed  in  Tyaniaclioiu. 


b,CooglL- 


Papeis.]         SOUS  NOTES  ON  TBS  CRBEPIDO  OF  BAILS.  463 

and  the  iDveetigatione  were  made  because  there  were  no  records  of  tail 
moTementa  from  which  even  ordioarj  ansvers  could  be  obtained. 
That  there  ie  a  longitudinal  movement  of  the  rails,  under  certain  con- 
ditions, is  a  flrmlj  eatablixhcd  fact,  but  how  it  was  influenced  b;  con- 
ditions of  roadbed,  weight  of  rail,  grades,  trafBo,  etc.,  remained  to  be 
determined.  The  resnlts  of  the  observationH,  as  will  be  shown  later, 
are  too  few  to  establish  flrmlj  any  laws,  but  it  is  hoped  that  what  has 
been  done  and  is  here  presented  will  make  one  link  in  a  chain  which 
ultimately  may  allow  certain  definite  principles  to  be  laid  down. 
The  observations  were  not  undertaken  to  ascertain  the  beat  method  of 
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preventing  the  oresping  of  rails,  and  therefore  no  discussion  of  this 
interesting  feature  is  presented. 

Method  of  HAXisa  the  Obsebtations. 
In  order  to  make  the  measaremeuts  as  carefully  as  possible,  two 
stakes,  3  by  1|  in.,  and  24  in.  long,  were  driven  level  with  the  ground 
about  15  or  20  ft.  from  tfae  nearest  rail,  where  possible,  and  located  at 
right  angles  to  the  track,  if  on  a  tangent,  or  on  a  radial  line,  if  on  a 
carve.  They  were  placed  so  as  to  be  approximately  in  the  center  of 
two  rails  and  miss  any  joints.     In  the  top  of  each  stake  an  ordinary 
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enrvejoT'e  tack,  with  a  depressed  center,  was  driven.  A  transit  was 
set  ap  over  one  stake  and  sighted  on  the  other,  and  points  on  the  lin« 
were  marked  on  the  flange  of  each  rail  with  a  fine  center-pnncb.  All 
obserTations  were  made  on  double-track  lines,  and,  on  the  tops  of  the 
two  oateide  rails,  nimilar  marks  were  made. 

From  these  marks  on  the  oatside  rails  meaanrements  of  exactl;  30 
ft.  were  made  to  the  right  and  left,  spanning  a  joint  in  each  direction, 
and  marked  with  the  same  center-pnnch.  These  points  were  placed 
in  order  to  trj  aad  determine  whether  there  was  any  movement  in  the 
joints  due  to  expansion  or  contraction,  or  whether,  when  there  was  a 
longitudinal  movement,  it  was  transmitted  throngh  the  jointA  to  the 
next  rail.  The  division  superintendents  were  requested  to  notifj  the 
repairmen  to  avoid  these  joints  as  much  as  possible  during  the  contin- 
nance  of  the  observations.  It  is  safe  to  say  that  no  distntbance  of  the 
track  took  place  during  the  time  the  observations  were  being  made, 
anless  noted  in  the  tables. 

A  card,  similar  to  that  shown  in  Fig.  1,  was  prepared  for  each  rail. 
A  center  line  was  drawn  across  the  card  terminating  at  the  top  in  a 
regnlar-shaped  Y.  The  card  was  then  placed  on  the  flange  of  the 
rail,  a  sharp-pointed  pencil  was  placed  in  the  oentei-ponch  mark  and 
the  card  oriented  bj  the  observer  at  the  transit.  The  card  was  then 
placed  flrmlj  agunst  the  rail,  the  pencil  removed,  and  a  point  marked 
on  the  card  on  the  line  given  b;  the  observer  at  the  transit  which  had 
been  previonslj  set  on  one  stake  and  sighted  on  the  other.  Upon 
retnming  to  the  office  this  point  was  transferred  to  the  opposite  side 
of  the  center  line,  as  in  its  first  position  it  indicated  a  reverse  move- 
ment of  the  rail. 

On  the  cards  prepared  for  the  outside  rails,  the  distencee  across  the 
joints  were  recorded,  marked  "X"  when  measnred  to  the  left,  and 
"  F"  when  measured  to  the  right.  Tempteratnre  observations  were 
also  made  and  recorded,  the  thermometer  having  been  exposed  to  the 
direct  rays  of  the  snn  while  the  observations  were  being  made.  The 
length  of  time  consumed  in  making  the  observations  approximated 
abont  16  min.,  depending  npou  the  difflcnltj  in  finding  the  pnnch 
marks  obscnred  bj  grease,  dust,  dirt,  snow,  ice,  etc.,  on  the  ruL 
The  work  required  the  services  of  two  men,  one  with  the  transit  and 
the  other  handling  the  cards  on  the  rails. 

This  method  was  decided  upon  after  some  discussion,  and  adopted 
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becBDse  it  seemed  to  eliminate  errors  in  making  the  notes,  ftnd  at  the 
same  time  ehowed  on  the  cards  the  actual  movements,  without  the 
necessity  ot  measturing  BmaU  dietances,  with  the  probabilities  of  errors 
in  reading. 

In  moat  cases  the  obeerrations  were  made  at  intervals  of  abottt  two 
weeks  with  the  exceptions  noted  in  the  records.  On  the  Atlantic  Citj 
Railroad,  the  intervals  were  a  month  apart,  on  acconnt  of  the  extremely 
slow  movement  ot  the  rails. 

The  center-pnnch  marks  on  the  tops  of  the  rails  on  aome  of  the 
branches  had.to  be  oonstantlj  remarked,  especially  where  there  was 
heavy  trafiBo  and  heavy  grades  combined,  as  on  the  Fraokville  Branch, 
and  on  the  Uahanoy  and  Shamokin  Branch.  Several  observations  were 
lost  in  this  manner, 

Dkschiption  of  the  Poimtb  Sklbctbd. 

The  plan  for  making  the  observations  contemplated  the  following 
ontline,  with  special  reference  to  grades  and  tratBc: 

1. — lines  having  the  greatest  high  speed,  light  tonnage  and  light- 
est grades; 

2. — Lines  having  high  speed,  heavy  tonnage  and  light  grades; 

3. — Lines  having  average  speed,  average  tonnage  and  moderate 
grades; 

4. — Lines  having  slow  speed,  heavy  traffic  and  heavy  grades. 

In  most  oases  inqniry  was  made  before  the  points  were  selected,  to 
ascertain  where  creeping  had  been  noticed,  with  a  general  pnrpose  of 
selecting  the  points  so  that  they  wonld  fnlfill  most  of  the  requirements. 

The  following  are  detailed,  and  concise  descriptions  of  the  features 
of  interest  on  the  branch  roads  on  which  the  points  were  selected. 

Allantic  City  Raiiroad.—'Ihia  road  is  a  double-track  line,  extending 
from  Keligns  Point,  Oamden,  N.  J.,  to  Atlantic  City,  N.  J.,  and  carries 
moderate  traffic,  compared  with  the  other  lines  considered,  but  most 
of  the  passenger  traffic  is  carried  at  high  express  speeds,  the  schedule 
of  the  so-called  60-min.  trains  being  60  min.  from  Oamden  to  Atlantic 
City,  a  distance  of  55.6  miles.  The  freight  business  is  not  heavy.  Th« 
alignment  throughout  is  very  good,  and  the  grades,  with  one  excep- 
tion, between  Clementon  and  Albion,  very  light. 

At  the  points  marked  Clementon  and  Albion  both  tracks  are  laid 
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with  90-lb.  rails  of  the  eeotion  reoommended  hy  the  AmericKO  Sooietj 
of  Civil  Eng^ioeerB,  and  have  etone  balloat. 

At  Pleasant V ill e  and  Farmington  the  soath-bound  track  was  laid 
with  90-tb.  rails  and  stone  ballast  and  the  north-bound  track  with 
80-lb.  rails  and  cinder  ballast.  At  Fleasantville  the  point  is  on  sir 
embankment  over  the  salt  marsh  of  the  Atlantic  City  meadows. 

The  point  at  Glemeaton  is  id  a  aump  between  two  of  the  heaviest 
grades  on  the  line.  At  Albion  the  point  was  selected  as  being  at  the 
bottom  of  the  heaviest  single  grade. 

On  acooant  of  the  high-speed  traffic,  the  physical  condition  of  the 
road  is  very  good. 

Xem  Fork  Br/mek. — This  branch  is  a  double-  and  in  some  cases  a 
three-  track  line  extending  from  Wayne  Janction,  Philadelphia,  to 
Bonnd  Brook,  N.  J.,  a  distance  of  54.9  mUes.  A  very  heavy  traffic  is 
carried,  the  passenger  business  being  carried  at  high  speeds.  There 
are  eight  passenger  trains  daily  in  each  direction,  making  the  trip 
from  Wayne  Junction  to  Bound  Brook  in  68  min.,  while  five  other 
trains  each  way  daily  make  the  same  run  in  66  min.  The  line  is 
equipped  throaghont  with  90-lb.  rails  and  stone  ballast.  The  max- 
imum grade  is  0.7  per  cent. 

At  Bethayres  the  point  is  located  at  the  foot  of  a  0.7^  grade  which 
is  about  15  000  ft.  long  from  the  west.  There  is  a  level  stretch  of 
about  3  000  ft.  and  thou  a  grade  of  0M%.  about  10  000  ft.  long,  to  the 
east.     The  point  in  on  an  embankment  over  low  swampy  ground. 

Fhilmont  is  at  the  top  of  the  0.69^  grade  referred  to  at  BethayreB, 
and  is  in  a  good  dry  cut. 

Neehominy  Falls  is  at  the  foot  of  another  0.65^  grade  whioh  iddb 
out  level.  It  is  a  point  where  the  maximum  speed  ia  attained  by 
express  trains.     It  is  on  an  embankment  but  on  a  hard  substratum. 

Hopewell  is  in  a  cut  on  a  rather  soft  substratum,  and  is  approached 
from  the  west  on  a  level  tangent  about  6  000  ft.  long,  and  from  the 
east  at  the  foot  of  a  0.7%  grade  abont  4  000  ft.  iong. 

Betklekem  Branch. — This  branch  leaves  the  New  York  Branch  at 
Jeukintown  and  extends  to  Bethlehem,  Pa.,  a  distance  of  46.0  mileB. 
It  is  double-tracked  throughout.  The  grades  are  heavier  than  on  the 
New  York  line,  the  maximum  being  1.13  per  cent.  The  traffic  is  not 
as  heavy  nor  the  speed  as  fast  as  on  either  of  the  lines  already  men- 
tioned.    As  a  general  thing,  also,  the  weight  of  the  rail  is  80  lb.    Bail 
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creeping  was  reported  to  have  been  noticed  near  a  number  of  the 
pointB  selected. 

Qnakertown  ia  on  a  level  stretch  of  track  slightly  beyond  the  foot 
of  a  0.86%  grade.  The  south-boond  rail  is  90-lb.  and  the  north- 
honnd  80-lb.     The  ballast  ia  of  fnroace  slag. 

North  Wales  ia  on  a  BO-min.  cnrvo  neat  the  summit  of  a  long  1.18% 
grade.  It  is  in  a  rock  cnt.  The  track  is  laid  with  60-lb.  tails,  and 
the  ballast  is  furnace  slag. 

Qwynedd  is  on  a  tangent  at  the  foot  of  a  1.13%  grade  abont  11  OOO 
ft.  long.     The  rails  are  80-lb.,  and  the  ballast  is  furnace  slag. 

Oreland  is  near  the  foot  of  a  0.6%  grade  about  8  000  ft.  long.  Tha 
rails  aad  ballast  are  the  same  as  at  Owjnedd. 

FrackviUe  BroncA.— This  branch  extends  from  the  top  of  the  inclined 
plane  at  Frackville,  Fa.,  to  a  point  near  Pottsville,  Pa.,  and  carries  a 
very  heavy  south-boond  trafBc  of  loaded  coal  cars  down  a  grade  of  3.3% 
fora  distance  of  3.8  miles.  The  north-bound  traffic  is  practically  all 
empty  coal  cars.  Nearly  all  the  coal  from  the  Shamokin  Goal  Fields, 
to  tidewater  at  Philadelphia,  is  brought  over  the  Mahanoy  and  Sham- 
okin Branch  to  Mahanoy  Plane.  There  it  is  pnlled  up  an  inclined 
plane  with  stationary  eng^ines  to  FrackviUe,  whence  it  passes  down 
the  other  side  of  the  mountain,  as  described. 

The  head  of  the  grade  is  at  the  top  of  the  mountain,  not  far  from 
the  summit,  and  Broad  Mountain  is  at  the  foot  of  the  3.3%  grade. 

The  toils  are  90-lb.  on  both  tracks,  and  the  ballast  is  of  engine 
cinders.  As  there  is  absolutely  no  fast  traffic,  and  only  a  few  passen- 
ger trains  each  way  daily,  the  condition  of  the  roadbed  is  not  kept  up 
to  the  same  standard  as  on  the  other  branches  alteady  mentioned. 
The  lioe  formerly  was  laid  with  SO-lb.  rails,  the  90-tb.  rails  being  pnt 
down  ouly  recently.  Intermediate  angle  splices  were  put  on  the  80-lb, 
rails  at  points  on  tbe  south-bound  track  where  the  creeping  was 
greatest,  but.  at  the  time  the  observations  were  made,  they  had  not 
been  pnt  on  the  90-lb.  rails  at  the  points  of  observation.  Tbey  are 
now  on.  These  are  fastened  to  the  rails  with  old  splice-bars  with  two 
bolts,  and  spiked  to  the  ties  through  the  slots. 

Mahanoy  and  Shamokin  BrnncA.— Thie  is  part  of  tbe  Shamokin  Divi- 
sion, the  points  selected  being  on  the  south  side  of  Locust  Mountain, 
on  the  heaviest  grades  of  the  line.  This  is  on  the  main  line  ftom 
Tamaqna  to  Shamokin,  Fa.     The  grade  is  2.5%  and  the  traffic  heavy. 
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but  at  moderate  apeeds  on  acooimt  of  the  grades.  The  heaviest  traffic, 
which  is  made  up  largely  of  the  coal  from  the  Shamokin  District,  is 
on  the  south-bound,  track...  On  the  sonth-boond  track,  90-1b.  tails 
are  nsed,  and  8D-lb.  on  the  nqrth-boond.  The  balloat  is  of  engine 
cinders. 

LocuBt  Sammit  is  at  the  tap  of  the  grade,  and  is  in  a  cnt  which  is 
rather  wet.     Loonst  Dale  Junction  is  at  the  foot  of  the  same  grade. 

The  wear  of  the  Nil  iaver^iaarked  do  the  eonth-bonnd  track,  on 
aoootml  of  the  heavy  braking  required  on  loaded  trains.  This  braking 
is  Tetj  hard  on  the  brake^hoee  and  tires  of  the  engines,  as~  is  shown 
by  the  pieces  of  ateel  removed  from  the  engine  tires,  and  found  along 
the  track.  Photographs  of  some  of  these  are  shown  in  Plate  XXV. 
Similar  pieces  are  found  on  the  sonth-boand  track  of  the  Fnekville 
Branch.  '  ' 

.Tbb  OBiSSBTAIIOKS. 

Tbe  results  cf  the  ob^rvations  are  shown  in  Tables  Nos.  1  to  4,  and 
in  Plates  XXVI  to  XXIX,  in  whic~h  are  given  all  the  coaditions  of  the 
location  and  traffic,  as  well  as  the  rail  movements.  The  alignment, 
character  of  the  joadbed,  maitner  w  which  the  joints  are  spiked  to  the 
ties,  cut  or  fiO,  traffic,  detailed  location  of.  the  points  selected,  with 
reference  to  the  joints  and  the  grades,  are  given  in  order  to  aid  in  an 
intelligent  stadj. 

Abstbact  fbou  Camp's  "  Noras  on  Tback." 
Probably  the  best  general  discnssion  of  the  snbject  of  creeping  rails 
is  that  given  by  W.  M.  Camp,  M.  Am.  86c,  C.  E.,  in  his  "  Notes  on 
Track,"  and  the  Hriter  has  taken  the  liberty  of  extracting  from  it  a 
few  notes  on  the  general  principles'.     These  are-  given  with  the  object 
of  presenting  concisely  the  best  known  data  on  the  subject,  so  that 
the  results  here  obtained  may  be  better  understood. 
There  are  two  longitudinal  movements  in  raile; 
1. — A  molecular  movement  of 'expansion  and  contraction,  and 
2.— A  progressive  shifting  of  the  rails  bodily,  known  as  creeping. 
It  is  now  generally  conceded  th^t  the  principal  canse  of  creeping 
is  the  wave  motion  in  the  rails  set  ap  by  moving  trains. 

If  each  rail,  nnder  this  wave  motion,  is  not  made  to  hold  fast  to 
the  ties  and  the  ground,  it  will  remain  shoved  ahead,  by  a  very  small 
amount,  by  each  passage  of  a  train. 
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If  it  were  poeeible  to  tigbteo  the  splices  so  as  to  bold  agaioat  oreep- 
ing,  thej  wonld  ha  too  tight  to  allov  the  rails  to  expand  easily,  aad 
mnoh  evil  would  cesnlt. 

Three  important  biota  should  be  noted: 

1. — The  creeping  is  most  rapid  dnring  hot  weather; 

2. — It  ia  greater  on  donble-  than  on  single-  track;  and 

3.— It  moves  with  the  trains. 

Bails  nsnally  creep  most  on  embankments,  especially  on  those 
new];  made,  and  little  or  least  on  solid,  hard  ground,  not  raised  above 
the  enrronnding  level.  Track  laid  on  swampj  or  bogg;  land  creeps 
worst  of  all. 

The  manner  in  which  rails  will  creep,  and  the  amonnt,  depends  on: 

1. — The  character  of  the  ground  or  foundation  for  the  track; 

2. — The  direction  in  whioh  the  train  loads  are  heavier; 

3.— The  proportion  of  the  weight  dixtributed  on  the  two  rails; 

4. — The  speed  of  the  trains;  and 

5. — The  manner  in  which  the  ties  are  spiked. 

What  Seeus  to  be  Shown  bx  the  Obsebyations. 

A  verj  brief  summary  of  what  seems  to  be  shown  bj  the  observa- 
tions is  as  follows: 

1. — At  32  different  points  to  determine  which  rail  moved  the  most, 
the  right  or  the  left,  the  following  was  found : 

At  21  points  there  was  no  practical  difference. 

At  8  points  the  right  rail  moved  moat. 

At  3  points  the  left  rait  moved  most.  The  right  crank  leads  on  all 
engines. 

2. — In  7  cases  out  of  12  the  greatest  creeping  is  shown  on  descend- 
ing gradients;  on  the  remaining  6  there  ia  praoticallv  no  difference. 

3. — Decidedly  more  creeping  is  shown  where  the  roadbed  is  carried 
on  embankment  over  swampy  ground,  than  in  other  plaoea. 

4. — More  creeping  ia  generally  shown  on  imperfectly  maintained 
track,  than  where  it  ia  kept  in  firet-clasa  condition. 

5. — As  far  as  the  observations  went,  it  was  ahown  that  there  was 
leas  movement  than  was  expected  from  the  reports  of  the  repairmen, 
although,  in  some  cases,  the  points  were  not  at  the  exact  locations  of 
the  worst  reported  creeping. 
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One  of  the  most  intereBting  pointa  o(  the  Beriea  is  that  at  Beth- 
syres,  on  the  New  York  Bnutcfa.  At  the  time  the  points  were  located 
new  rails  had  just  been  laid,  in  cold  weather,  and  it  had  been  impoe- 
aible  to  space  the  ties  so  as  to  spike  all  the  joints  to  them.  The  reenit 
was  a  considerable  amount  of  motion.  Between  March  17th  and  Apnl 
2d,  the  west-bonnd  track  was  fixed,  the  ties  respaced  and  all  the 
spikes  driven  in  the  joints.  In  spite  of  this,  the  movement  continued, 
and  was  probablj  dne  to  the  disturbance  of  the  toadbed.  The  Phila- 
delphia, Newtown  and  New  York  Bailroad  crossee  this  branch  a  short 
distance  east  of  this  point  with  a  grade  crossing,  and  when  the  east- 
bound  track  was  fixed  np,  about  May  2d,  the  rails  were  disturbed  be- 
tween the  point  of  observation  and  the  crossing,  bnt  the  motion 
continued  afterward.  The  exccsBive  motion  is  probably  due  to  the 
fact  that  at  tbia  point  the  track  is  not  as  rigid,  longitudinally,  aa  at 
other  points,  on  account  of  the  crossing  frogs  at  the  Newtown  crossing 
and,  alsq,  chiefly  on  account  of  the  swampy  ground  under  the  em- 
bankment. 

The  next  most  serious  movement  seems  to  be  at  Pleaeantville,  on 
the  Atlantic  City  Railroad,  over  the  salt  marsh,  where  the  movement 
has  been  contiDuoos  and  regular  on  a  nearly  level  line.  The  interval 
of  time  between  the  last  two  observations  should  be  noted. 

These  two  points  seem  to  bear  out  the  principle  that  creeping  is 
most  to  be  feared  when  the  character  of  the  foundation  permits  an 
amplification  of  the  wave  motion.  The  speed  of  all  trains  at  both 
of  these  points  is  high. 

There  are  a  number  of  facte  shown  in  the  tables  and  diagrams 
which  are  very  hard  to  explain,  but  it  is  hoped  that  they  may  throw 
some  light  on  points  where  other  records  aro  wanting. 

It  is  to  be  regretted  that  more  observations  were  not  made  on 
curves,  in  order  to  ascertain  the  effect  of  the  unequal  distribution  on 
the  two  rails  caased  by  heavy,,  slow-moving  freight  trains  paeajng 
around  a  curve  having  the  proper  superelevation  for  the  higher  speed 
of  passenger  trains. 
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Vol.  XXX.  MAY,  1904. 


AMERICAN  SOOIETT  OF  CIVIL  ENGINEEBS. 

INSTITUTED    186». 


PAPERS  AND   DISCUSSIONS. 

Ttkls  Society  Is  not  responalble.  u  a  body,  (or  tbc  (acts  and  opIdIodb  adraji 
In  any  of  Its  pubUc&tlonii, 


LATERAL    EARTH    PRESSURES    AND    RELATED 
PHENOMENA. 


Discussion.* 

By  Messks.  M.  F.  Bonzujo,  V.  H.  Hbwbs  *ni>H,  F.  Dunham. 


M.  F.  BoNZANo,  M.  An.  Soc.  G.  £.  (b;  letter).— There  has  been  too  h 
little  investigation  of  this  important  subject,  and  it  is  gratifjiDg  to 
bare  Mr,  Goodrich's  paper.     The  writer  has  for  jears  looked  forward 
to  baviBg  an  opportunitj'  to  make  some  iuTeatigation  with  a  view  of 
seunring  some  reliable  data  upon  this  sobject. 

The  writer  has  noticed  that  the  ahriakage  of  dumped  material  is  in 
the  direction  in  which  it  flows  whea  damped,  and  that  the  principal 
lines  ot  presanre  are  sabstaDttallT  in  the  same  direction,  and,  as  a 
result,  baa  introduced  into  apeoi&cations  for  graduation  the  follow- 
ing: 

"  In  depositing  filling  material  against  abutments,  piers,  or  walls, 
it  mnat  always  be  dumped  away  from  masonry ;  never  toward  it.  As 
the  shrinkage  of  material  is  always  in  the  direction  in  which  it  flows 
when  dumped,  especial  pains  must  always  be  taken  to  make  the 
shrinkage-thrust  away  from  masonry  stmctnreB.  When  filled  mate- 
rial is  tamped  or  rammed  after  dumping,  the  ramming  should  be  done 
l^  vertical  blows. " 

The  foregoing  is  quoted  from  printed  specifications  prepared  by 
the  writer,  and  ia  believed  to  be  original  and  not  to  be  found  elsewhere. 

•  This  dl«iiB8k>D  (ot  tbe  paper  by  E.  P.  Qoodrlch,  Jun.  Am.  Soc.  C,  E..  printed  In 
fVacMdiniM  for  Harcb,  1004).  Is  printed  in  Procerdingsa  order  that  tbe  views  eipressed 
may  be  brouEht  before  all  memben  for  furiber  dlscuBSlon. 

Commkolcatloiis  on  tbls  subject  rncelvad  prior  to  June  «Stb.  1904.  will  be  pubUtiied 
Bubeequently. 
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Mr.  BonuDo.  Tb«  Bpeoiflcfttiotis  resnltad  from  tt)e  writer's  obKerTatione of  theresolta 
of  different  ways  of  dnmpiDg  and  handling  material,  and  snob  resnlte 
are  noted  briefl;  as  foUovB: 

1. — A  firet-claaa  masonr;  stractare  ia  usually  rained  bj  being 
damped  against  by  a  tail  dnmp,  the  strnotnre  being  forced  out  of 
plnmb. 

2. — A  masonry  stmctnre,  of  inferior  and  light  design  and  of  poor 
material  and  workmanship,  will  give  astoniahingly  good  results  if 
the  filling  is  deposited  back  of  it  bo  as  to  flow  away  from  it  when 
damped. 

3.— The  greater  the  shrinkage  of  the  filling  material  and  the  higher 
the  dump,  the  greater  the  force  or  preasare  dae  to  flow  and  sbrinksge. 

4, — The  flow  and  shrinkage  pressures  are  greatest  in  the  lougeet 
layers  of  dumped  material. 

5. — The  flow  and  shrinkage  forces  are  in  the  direction  of  the  flow 
of  the  material  when  dumped. 

The  results  jnst  described  may  easily  be  confirmed  by  observation. 
If  an  embankment  50  ft.  high  is  made  by  damping  from  both  sides  of 
a  treetle— no  matter  whether  the  shrinkage  of  the  material  is  small  or 
great — it  can  be  noticed  that,  after  the  embankment  is  completed, 
vertical  cracks  appear  near  the  center  line,  and  that  frequently  they 
are  quite  wide  and  eitend  downward  a  great  many  feet.  If  all  the 
material  filled  back  of  an  abntment  is  damped  so  as  to  flow  away  from 
it,  after  the  first  soaking  rain,  a  space  can  be  found  between  the  filling 
and  the  abntment  that  varies  in  width  approximately  in  proportion 
to  the  height  of  the  damp  and  the  coefficient  of  shrinkage  of  the 
material. 

The  writer  doubts  the  value  of  the  data  secured  by  Mr.  Goodrich, 
and  feels  confident  that,  for  practical  use,  the  data  must  be  obtained 
by  considering  primarily  the  direction  of  flow  when  dumped,  together 
with  determining  the  coefGcients  of  shrinkage.  The  writer  could  oite 
many  interesting  cases  from  which  the  foregoing  conclusions  were 
derived. 
Mr.  Hew«.  V.  H.  Hewes,  M.  Am.  Soc.  C.  E.— The  author's  description  of  the 
method  used  in  obtaining  the  pressure  has  given  the  speaker  an  idea 
which  it  might  be  well  to  mention,  so  that  someone  may  take  it  np, 
in  futare  experiments,  and  elaborate  it. 

Taking  into  consideration  the  principle  that  carbon  changes  in 
electrical  conductivity  when  placed  under  varying  pressure,  raises 
the  point  that,  would  it  not  be  possible  to  place  a  carbon  cylinder,  or 
carbon  in  any  shape,  of  a  certain  length,  back  of  the  retaining  wall, 
and  place  the  piece  of  carbon  in  circuit  with  a  battery  and  galvano- 
meter, and  in  that  way  get  the  deflections  as  the  pressure  varies  on 
the  piece  of  carbon?  The  conductivity  being  the  reciprocal  of  its 
resistance,  it  would  be  more  aocnrateand  convenient  to  use  a  "'Wheat- 
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Btone  bridge  "  to  measnre  the  variatiouB  oE  resiataace  due  to  ohangea  Mr.  e 
of  preesure.  The  carbon  might  be  coTered  with  a  material  which 
wonld  ptevetit  it  from  taking  np  moisture,  which  would  cause  a 
change  in  ita  tcBistaoce.  Also,  the  pieoo  of  carbon  might  be  placed 
in  the  mass  of  the  material  itself,  and,  in  that  way,  the  reBistaacee 
oonld  be  obtained  as  the  pressure  ou  the  carbon  increased.  The  ends 
of  the  carbon  could  be  eiposed  to  the  mass  of  the  material,  while  the 
sides  could  be  protected  bj  a  box,  from  which  the  ends  would  pro- 
trude, in  that  way  causing  the  pressure  to  come  on  the  ends  of  the 
carbon.  The  axis  of  the  carbon  cbnld  be  placed  in  any  direction  in 
which  the  pressure  was  to  be  bbserved. 

It  might  also  be  easy,  iu  such  cases,  to  have  two  or  three  sets  of 
carbons  placed  in  the  mass  of  the  material  to  be  tested,  and,  bj  simply 
having  a  small  switchboard,  the  experimenter  could  measare  first  one 
circuit  and  then  another.  The  carbon  might  remain  in  tor  anj  length 
of  lime,  and  follow  the  changes  from  month  to  mouth. 

It  might  be  stated  that,  in  using  the  block  of  carbon,  all  arching 
effects  might  be  eliminated. 

H.  F.  Ddnhih,  M.  Ah.  Sog.  C.  K— In  describing  curves  of  the  Mr  D 
varietj  under  discnssion,  a  positive  check,  or  comparison  with  a  pres- 
sure exactly  kuown,  would  be  valuable.  II  water  were  used  as  a  mate- 
rial for  "  the  fill,"  either  in  a  cjliuder  or  against  planks,  the  precise 
pressure  could  be  determined.  The  deflection  ooulil  be  compared 
with  that  observed  for  other  material,  or  a  curve  for  water  under  dif- 
ferent heads  oonld  be  compared  with  one  for  silt,  quicksand  or  wet 
clays.     It  would  be  interesting  to  know  whether  this  has  been  done. 
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AMEBIOAK  SOCEETT  OF  OIVIL  ENGDIEEES. 

INSTITUTED    IBbS. 


PAPERS  AND  DISCUSSIONS. 


A  PHENOMENAL  LAND  SLIDE. 
Discussion.* 


D.  I>.  Clabkb,  Oboboe  L.  Dilui&n  abd 
Abthub  L.  Adahs. 


Mr.  Ctarke.  D.  T>.  CuisE,  M.  Am.  Soc.  C,  E.  (by  letter),— The  paper  give*  the 
history  of  the  slide,  dowa  to  the  ftrat  of  January,  1904,  ehowinic  in 
detail  the  surveys  upon  which  claims  for  the  snocesa  of  the  reclama- 
tion work  have  been  based.  The  writer  believea  that  any  claims  be 
may  have  made  are  fully  warranted  by  the  restilts  achieved,  as  shown 
by  the  charts  Bnbmitted  with  the  paper.  That  the  result  of  a  later  but- 
vey,  completed  during  the  early  part  of  March,  1901,  portends  anunei- 
pected  change  in  conditions  formerly  existing,  may  probably  be  taken 
as  another  proof  of  the  "  phenomenal "  character  of  the  movement 

As  has  buen  indicated,  a  resnrvey  of  the  range  linea  croaeing  the 
slide  shows  a  slight  change  at  a  number  of  the  points  observed,  a 
larger  proportion  of  the  points  giving  readings  greater  than  for  sny 
former  survey  tor  two  years.  About  60%  of  the  points  observed  gave 
readings  ranging  from  0.01  to  0.02  ft.  in  excess  of  former  surveys. 
There  were  about  half  a  dozen  points  which  gave  readings  in  excess 
of  0.02  ft.,  and  only  one  as  much  as  0.05  ft.,  the  average  of  points 
shown  on  the  diagram,  Plate  IX  (east  and  west  lines  X',  A'  +  ^^ 
and  D'),  being  0. 13  in.  for  the  months  of  January  and  February,  or 
0.065  in.  per  month.     This  is  indeed  a  small  variation,  and  is  significant 

•This  diseu«aion  (of  the  paper  by  D.  D.  Clarke,  M.  Am.  8oc.  C.  E.  .printed In  P™- 
ctxdingi  for  lUarcb,  ItiMI.  Is  prloted  Id  Frucerdi-agi'  in  order  Chat  the  views  eipmwd 
ma;  be  brought  before  all  members  of  the  Boclely  for  turiher  lIsuuBBlon. 

CommUDlcatloDs  on  Ibis  aubject  received  prior  to  Juoe  tStb,  1904,  will  be  pabllalwd 
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only  as  an  indicstioD  of  the  poasibilities  of  the  eitaaiion,  vhioh  will  Mr.  Ciwke. 
require  addittoaal  time  to  develop  fully. 

Tliis  aalooked-foT  change  is  no  question  ablj  due  to  the  nnnsaal 
rainfall  of  the  last  four  monthB,  November,  1903,  to  February,  1904, 
inclusive.  That  this  raiufall  has  beeu  excessive  is  shovu  by  the  fol- 
lowing figures  compiled  from  the  reports  of  the  United  States  Weather 
Sureau  in  Portland. 

The  total  rainfall  for  the  months  of  November  and  December, 
190S,  aud  Jannarj  and  February,  1904,  was  30.16  ins.  This  amount  is 
14.7^  more  than  the  average  for  these  months  for  34  years,  aud  27^ 
more  than  the  average  for  the  same  period  dnriog  the  past  21  years 
(1883  to  1901).  It  should  be  said,  however,  that  the  average  for  13 
years  (1870  to  1893)  was  30.4  ins.,  or  slightly  in  excess  of  that  for  the 
present  season. 

The  average  rainfall  during  the  months  the  Weather  Bureau  calls 
the  "  Wet  Season  "—September  1st  to  May  Slet — is  42.39  ins.,  while 
the  yearly  average  is, 45. 70  ins.  Oomparing  the  present  season  with 
the  foregoing,  the  following  may  be  noted. 

Total  precipitation  November,  1903 10.71  ins  , 

December,  1903 3.14" 

January,  1904 5.22" 

February,  1901 11.08   " 

~- .    30.15  ins., 

March  1st  to  2eth,  1904. 8.64   " 


Total , 38.79  ins., 

the  latter  amount  being  abont  S5%  of  the  yearly  average. 

The  severity  of  these  storms  has  also  been  shown  by  the  volume 
of  the  drainage  from  the  tunnels,  which,  upon  a  number  of  occasions, 
has  been  at  the  rate  of  more  than  100  OOO  galls,  per  day.  This  shows 
in  a  striking  manner  the  eflicienoy  of  the  present  tunnele.  If  this  vol- 
ume of  water  were  not  allowed  to  escape  so  freely,  there  would  be 
tronble  indeed,  and  the  original  "  saw-tooth  "  character  of  the  move- 
ment chart  would  soon  reappear. 

Considering  the  volume  of  rainfall  and  drainage,  it  is  probable  that 
the  next  survey  wiU  also  show  unfavorable  results,  for  it  will  require 
some  time  for  the  ground  to  dry  out  after  the  rain  has  ceased. 

That  the  movement  is  likely  to  continue  for  an  indefinite  period 
(if,  indeed,  it  can  be  said  that  a  general  movement  has  already  com- 
menced), the  writer  does  not  consider  at  all  probable.  In  order  that 
the  grounds  for  this  confidence  may  appear,  attention  is  called  to 
Table  No.  10,  a  comparative  statement  of  the  rate  of  the  i 
between  January,  18!)5,  and  March,  1904. 
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Mr.  Clarke.  TABLE  No.  10. 


S 

...™„. 

Dates. 

Tola).  Id    llucbes  peri 
InchBB.      1    nrontB. 

January.  ie«6,  W  June,  1900 

SB 

'                   if  (blsperiod. 
I  m             n  in         1  Tunnel  commjc- 
l.«             0.10        !  1   oonin  progf-t 

The  last-DBined  amonat  iuclades  the  movement  just  obserred, 
which  amounts  to  0.13  in.  for  the  months  of  Januarj  and  Febra&rj, 
1901,  and,  with  that  amount  included,  the  averaga  recorded  movement 
has  been  lees  than  one-fortieth  of  the  average  before  the  tunnels  were 
completed. 

It  maj  be  noted  that,  by  the  last  survej,  there  were  very  few  points 
opposite  Reservoir  No.  S  which  showed  an  increased  reading,  the 
greater  number  being  along  the  axis  of  the  sUde  opposite  the  north 
end  of  Beservoir  No.  i. 

The  effects  of  the  present  severe  storms  are  aim  ply  regarded  as  so  man  v 
indications  that  the  tunnels  already  constructed  are  not  sufficient  to 
drain  thoroughly  the  entire  mass  of  the  sliding  ground  and  its  under- 
lying bed-rock.  The  Water  Board  recognizes  this  condition  of  affairs, 
and,  even  now,  has  under  consideration  the  couBtraction  of  additional 
bed'rock  drains,  as  branches  of  the  main  tunnel;  and  also  a  system  of 
snb  surface  tile  drains  to  cover  certain  portions  of  the  surface,  pro- 
vided later  surveys  afford  conclusive  proof  of  the  necessity  for  this 
additional  drainage  work. 

Thercsult  of  the  changes,  already  noted,  will  be  to  delay  somewhat 
the  work  of  reservoir  repairs,  but  there  ia  no  doubt  felt  of  the  ulti- 
mate success  of  the  reclamation  work  aud  the  final  restoration  of  the 
reservoirs. 

During  May.  IH99,  while  the  writer  was  engaged  upon  the  investi- 
gation of  the  slide  at  the  Portland  reservoirs,  there  appeared  in  the 
city  papers  brief  aoconuts  of  an  immense  land  slide  which  had  just 
occurred  near  Cape  Meares,  about  TO  mites  west  from  Portland. 

The  first  descriptions  of  the  slide,  its  size  and  the  rapidity  of  its 
movement  (width  ]  mile,  length  i  miles,  aiid  movement  2  ins.  per  honr) 
were  sufficiently  startling  to  awaken  a  desire  to  examine  the  ground 
and  see  if  the  conditions  actually  existing  there  were  in  any  way  com- 
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parable  with  those  which  had  been  studied  bo  long  at  Portland.  A  Ur.  civke. 
few  weeks  later,  therefore,  the  writer  aodertook  the  journey,  partly 
h;  rail  and  boat,  bnt  ohietlj  by  stage  or  mndwagoa,  cioasiDg  tfae 
Ooost  Range,  and  occnpying  36  honrs  or  more,  before  reaching  the 
slide.  The  time  spent  in  the  vicinity  was  three  and  a  half  days,  and 
the  greater  part  of  two  days  was  oocapied  io  mapping  the  slide  and 
noting  ita  charaoteristioa  and  progress.  From  the  notes  then  taken 
the  map,  Fig.  7,  and  description  of  the  slide  have  been  prepared. 

*£ho  slide  is  in  a  shallow  depression  lying  immediately  north  of  the 
range  of  hills  of  which  Gape  Meores  is  the  western  extremity,  and  is 
abont  5  miles  south  of  the  entrance  to  Tillamook  Bay,  Oregon.  The 
npper  or  eastern  portion  of  the  slide  is  covered  with  a  dense  forest, 
and  it  is  not  easy  to  determine  the  exact  limits  of  the  moving  ground, 
hvi  enongh  is  known  to  warrant  the  statement  that  the  length  of 
the  slide  from  the  ocean  beach  to  its  eastern  extremity  is  a  little  less 
than  t  mile,  and  the  average  width  abont  600  ft.  The  area  of  the 
moving  gronnd  is  approximately  30  acres. 

The  larger  part  of  the  moving  gronnd  is  covered  with  a  dense 
forest  of  fir,  sprnce  and  smaller  growths,  and  little  can  be  seen  which 
indicates  in  any  way  the  probable  depth  of  the  movement.  The 
movement  has  been  sufficient  to  cause  many  trees  to  fall  around  tho 
margin  of  the  slide,  and  many  more  will  soon  follow. 

The  head  of  the  slide  reaches  an  elevation  of  about  300  ft.  above 
the  ocean  beach  in  a  distance  of  abont  J  mile. 

From  present  appearances,  and  from  information  derived  from 
those  familiar  with  the  ground  as  it  was  before  the  slide  occurred,  it 
can  bo  said  that  the  slide  had  its  origin  in  a  small  tract  of  swampy 
ground,  perhaps  200  x  300  ft.  in  extent,  through  which  ran  two  small 
streams  of  water,  each  perhaps  12  ins.  wide  and  1  or  2  ins.  deep.  One 
of  these  small  streams  finds  its  way  to  the  beach  along  the  base  of 
the  Cape  Meares  ridge,  the  sonthem  limit  of  the  slide  being  tor  the 
most  part  along  or  within  a  few  feet  of  the  bed  of  this  stream. 

The  second  small  stream  crosses  the  npper  end  of  the  slide  to  near 
its  northern  border,  and  thence  finds  its  way  to  the  beach,  its  course 
"being  almost,  if  not  altogether,  within  the  limits  of  the  moving 
ground. 

On  the  south,  the  hue  of  the  movement  is  defined  very  dearly,  as 
it  follows,  for  the  most  part,  the  bed  of  the  creek  until  within  abont 
400  ft.  of  the  beach,  where  it  leaves  the  channel  of  the  stream  and 
cuts  through  higher  gronnd  on  a  more  direct  course.  Along  the  . 
northern  border,  the  ground  is  broken  more  irregnlarly;  piled  in 
ridges  in  places,  with  crevices  between;  but  none  of  the  latter  was  of 
any  considerable  depth. 

At  the  head  of  the  slide  the  horizontal  movement  has  been  tnM- 
eient  to  remove  all  timber  and  surface  earth  from  a  section  of  the  hill- 
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r,  Clarke,  side  about  400  It.  long,  from  north  to  sontb,  and  50  to  70  ft,  vide, 
measQred  aloog  the  slope  of  the  bauk.  The  elope  of  the  cisv  bank, 
vhere  exposed  by  the  elide,  ie  from  26°  to  40°,  and  the  vertical  moT«- 
ment  at  that  point  amounts  to  about  80  ft.  No  chasm  was  to  be  seen, 
indicating  a  deep  movement  at  that  point;  the  gronnil  had  nrnpl; 
settled  awaj  from  the  adjoining  bank,  and  all  crevices  had  been  filled 
with  the  BOrface  earth  loosened  bj  the  slide.  At  one  point  a  lockj 
ledge  had  been  exposed,  and  all  aronnd  the  npper  margin  of  the  BHde 
the  nptnrned  trees  indicated  bnt  a  slight  depth  of  surface  earth.  ' 

While  the  upper  or  eastern  portion  of  the  slide  is  hidden  from 
view  by  a  dense  forest,  the  lower  part  has  been  cleared  of  timber  to  a 
great  extent,  and  is  partly  ander  onltivation;  bat,  at  the  beacb,  eiirt- 
ing  conditions  bear  the  strongest  testimony  to  the  force  and  nugni- 
tude  of  the  movement.  The  height  of  the  bank  above  extreme  high 
tide  varies  from  zero  at  the  center  of  the  slide  to  10  tt.  above  at  the 
north  side,  and  20  to  25  ft.  at  the  sonthera  edge  of  the  movemeni 
Excepting  at  either  margin  of  the  movement,  the  portion  of  the  bank 
above  high  tide  sh owe  no  appearance  of  having  been  distnrbed,  al' 
thongh  it  has  been  moved  200  ft.  or  more  from  its  original  position, 
but  the  beach  in  front,  for  another  200  ft.  or  more,  has  been  thron 
up  into  ridges  or  folds  by  the  immense  pressure  from  the  slide. 

This  movement  hoe  extended  ont  to  low-watet  lioe  or  beyond, 
and  a  nearly  vertical  bank,  10  ft.  in  height,  formed  of  clay  and  sand 
in  large  masses,  presents  a  bold  front  to  the  action  of  the  waves,  which 
slowly  wear  it  away. 

As  far  as  known,  the  movement  began  on  or  abont  May  10th,  1899. 
By  measurement,  it  was  found  that  tho  total  movement  from  May  10th 
to  June  10th  was  228  ft.,  or  an  average  of  7.86  ft.  per  day. 

Prom  June  10th  to  June  12th  it  was  at  the  rate  of  4,01  ft.  per  day. 

From  June  12tb  to  June  13th  it  was  at  the  rate  of  3.26  ft,  per  day. 

From  the  foregoing,  it  appears  that  a  falling  off  in  the  rate  of  the 
movement  had  already  commenced  at  the  time  the  examination  was  in 
progress.  Considering  the  not  excessive  slope  of  the  hillside,  it  was 
rather  surprising  to  find  that  the  movement  had  continned  for  such  » 
length  of  time,  and  it  did  not  appear  unreasonable  to  sappose  that 
it  would  soon  cease  altogether.  This,  however,  was  merely  conjec- 
ture, for  the  movement  no  doubt  depended  upon  the  quantity  of 
water  which  found  its  way  under  the  slide,  near  its  head,  and  what  its 
volume  might  be  no  one  could  tell. 

Some  months  after  the  writer's  return  from  this  examination  be 
was  informed  that  an  entire  cessation  of  the  movement  had  taken  plai'e 
which  must  have  occurred  very  soon  after  the  last  measurement  was 
taken,  June  13th,  1N99. 

The  writer  has  no  report  regarding  the  condition  of  this  slide 
later  than  June  13th,  1900.    There  had  then  been  no  resumption  of  the 
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Mr.  Clu-kcL  mOTement  daring  the  winter  vhioh  intervened  since  the  meaearements 
were  taken.  It  was  also  reported  that  the  boat  of  the  slide  bad  bees 
worn  away  bj  tbe  action  of  the  waves  as  far  back  as  the  dotted  line  in 
Fig.  7. 
Ur.  DUiDuuu  Obobqb  L.  Dicuian,  M.  Ah.  Soc.  G.  E.  (by  letter).— The  writer'* 
acqnaintanoe  with  this  gronnd  b^an  in  1891,  when  he  hod  charge  of 
the  conatrnotion  of  the  cable  road  (shown  in  Plates  IV,  V,  VI  and  IX)* 
for  the  contractors.  In  1898  he  was  employed  bj  the  City  of  Portland 
to  Btndy  and  make  a  preliminary  report  on  the  slidiog  land  case,  tbes 
in  litigation.  In  1899  he  was  one  of  the  witneases  for  the  city  at 
the  trial  mentioned. 

Months  before  the  completion  of  the  cable  road,  it  was  known 
that  the  Cible  Company  would  default  in  payments.  The  writer's 
bnsiaesB  was  to  save  ai  mach  as  poaeible  from  the  wreck,  which  may 
acoonot  for  his  neglect  to  appreciate  the  importance  of  several  fadt 
developed  during  conatraction.  At  any  rate,  their  significance  «u 
not  appreciated  nntil  later.  These  facta,  as  memory  eerrea,  include 
the  following: 

I.— From  Boring  No.  3  to  Shaft  No.  »  (see  Plate  IX)  the  road  wm 
inacat.  Sbartly  after  the  grading  was  done,  cracks  in  the  slopes  indi- 
cated motion,  thongbt  at  the  time  to  be  local.  Theae  were  obliterated 
by  sloughing,  after  the  rails  were  laid,  at  one  time  covering  the  finished 
track  several  feet  deep. 

2. — The  track  mentioned  had  a  tendency  to  buckle,  and  both  the 
slot  and  the  running  rails  were  cut  to  relieve  the  pressure.  This  part, 
however,  was  on  a  heavy  grade  (about  35%).  The  plan  called  for  very 
light  dona t ruction,  ao  that  insafficient  anchorage  might  have  been 
considered  the  cause  of  thia  tronble. 

3.— The  level  track  northward  from  Shaft  No.  9  got  badly  ont 
of  line,  the  derangement  not  being  confined  to  fills,  but  extending 
into  cuts.  The  derangement  on  fills  was  thought  to  be  from  shrink- 
age; in  cuts  it  was  thought  to  be  from  the  aame  local  movement  noted 
in  Fact  1. 

i. — In  re-aligning  the  track  northward  from  Shaft  No.  9,  there  «M 
considerable  friction  between  the  foremen  and  the  engineers,  the  far- 
mer complaining  that  the  engineers  coald  never  run  their  lines  twioe 
alike,  the  latter  that  their  stakes  were  disturbed. 

6.— Expert  timber  men  made  failures  in  felling  trees  in  the  direction 
desired. 

6. — There  was  a  awampy  hillside  north  of  the  timber-treetle  bridge 
across  what  was  later  Beservoir  No.  i. 

7. — At  one  lime  the  bents  of  this  timber  trestle  were  very  much  ont 
of  plumb,  and  their  tops  were  jacked  back,  down  hill. 

•  Proceediagg,  Am.  Soc.  C.  E.,  for  Harcb.  1«M. 
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In  the  examinfttion  of  1898,  the  first  pertinent  fact  of  importance  u 
developed  was  the  lack  of  coincidence  of  the  enrface  of  moTemeat  aod 
the  depths  of  excavation,  being  manj  feet  below  Beeervoir  No.  3  and 
many  feet  above  Beseryoir  No.  4. 

There  was  a  mpture  of  the  lining  of  Beaervoir  No.  4  at  abont  the 
Ijottom  of  the  reservoir,  which  is,  however,  best  accounted  for  bj  its 
oonatr notion.  The  clay  back  of  the  facing  (concrete  and  asphalt)  was 
carefully  pnddled.  The  water  was  in  the  reservoir  several  days,  then 
qaiokly  drawn  off,  so  that  anv  small  seepage  throagh  the  facing,  or 
'backed-np  groand-water,  woald  act  with  its  full  head  on  this  weakest 
poii\t.  Tbas,  the  reservoir  lining  contained  within  itself  all  that  was 
necessary  to  its  own  destrnction  nnder  the  conditions  imposed.  The 
ruptnrenear  the  bottom  of  Reservoir  No.  4,  therefore,  had  no  necessary 
connection  with  the  slide. 

The  extent  and  amonnt  of  the  movement  had  been  ascertained 
at  this  time.  Colonel  Mendell  bad  directed  investigations  which  were 
exhaustive  and  conclnsive.  His  conclosiona  ha^e  been  verified  bjthe 
eabsequent  work  of  drainage,  as  shown  by  the  paper. 

The  investigation  of  this  slide  is  by  far  the  most  complete  of 
which  the  writer  has  any  knowledge.  It  seems  to  make  plain  that 
the  water  does  the  damage,  not  so  mach  by  its  volume  or  weight 
aa  its  pressure,  and,  at  the  snrface  of  motion,  acts  like  a  myriad  of 
jack-screws  to  lift,  and  at  the  same  time  lubricate  it,  the  same 
pressure  forcing  the  water  into  and  through  otherwise  impervious 
strata. 

The  writer  knows  of  many  slides  which  have  been  cored  by  drain- 
age, and  knows  of  no  failures  to  do  so  when  the  remedy  was  aj%>lied 
properly,  and  in  the  right  places. 

There  are  several  sermons  in  this  slide,  one  of  which  is  on  the 
fallacy  of  taking  generally  accepted  facts  for  verities.  Prior  to  this 
law  suit,  everybody  seemed  to  know  that  the  excavation  of  the  reser- 
voirs caused  the  slide.  The  Northwest  is  fnll  of  slides.  The  con- 
etraction  of  every  railroad  develops  them.  The  fact  that  cntting  off 
the  toe  of  a  slope  with  sliding  tendencies  often  starts  a  slip  was  war- 
rant tor  this  general  belief.  The  traces  of  the  slide  on  the  enrface 
■were  pretty  well  hidden  by  undergrowth.  There  were  no  buildings. 
The  cable  road  was  abandoned,  but  this  might  have  been  from  other 
reasons  than  failure  to  maintain  it.  Engineers,  looking  casnaUy  at 
the  reservoir  failures,  granted  it.  A  prominent  and  capable  en-  ' 
gineer,  well  acquainted  with  slides,  refused  to  investigate  it  for  the 
city  because  he  did  not  care  to  be  bullyragged  by  contending  attor- 
neye  over  a  point,  to  him,  so  evident.  The  predecessor  to  the  City 
Attorney  who  won  the  case  had  made  some  investigation,  and  told  the 
'writer  just  prior  to  the  trial  that  the  only  ground  for  the  city  to 
stand  on  was  to  deny  liability  first,  then  get  the  damages  as  low  as 
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r.  DUiniwi.  poBsible;  that  tbere  iras  no  nse  in  coDtending  against  encb  obyioiu 

The  invastigationB,  under  th«  direotioD  ot  Colonel  Uendell,  indi- 
cated that  there  might  be  some  doubt.  The  City  Attorney,  following 
thin  lead,  found  evidence  of  notion  prior  to  the  excavation  of  the 
reservoirs.  Then  the  cable  road  operation  and  difficulties  doriDg 
construction  seemed  pertinent.  Officers  of  the  militia  had  had  their 
target  ranges  on  this  ground,  and  noticed  the  derangement  of 
stakes  which  should  have  been  in  line.  Men  were  found  who,  -when 
bojs,  bad  herded  cattle  on  this  gronnd  and  had  lost  cattle  in  the 
cracks  at  the  head  of  the  slide.  All  this  was  made  bo  plain  to  tbe 
jury  that  they  were  absent  only  long  enough  to  frame  a  verdict  for 
the  city.  After  the  trial,  everybody  knew  that  this  was  an  ancieot 
slide.  It  was  astonishing  to  find  that  so  many  people  had  knowD  it 
all  tbe  time, 
ir.  Adami.  Abtbck  L,  Adaus,  M.  Au.  8oc.  C.  E.  (by  letter).— It  seems  very 
probable  that  no  land  slide  has  ever  received  such  exhaustive. study 
as  has  been  given  to  the  one  described  in  this  paper. 

Few  slides  have  been  productive  of  more  embarrassing  results,  and 
engineers  in  general  will  unite  in  the  hope  that,  as  a  reward  of  such 
long  and  patient  effort  as  that  described,  this  one  has  now  "  become 
an  event  of  tbe  past. " 

The  recounting  of  methods  by  which  great  difficulties  are  finally 
overcome  is  always  of  value,  and  to  this  the  paper  is  not  only  no 
exception,  but,  on  the  contrary,  it  ranks,  in  the  estimation  of  the 
VTiter,  among  the  best  of  its  class  in  engineering  literature. 

I«nd  slides  are  by  no  means  uncommon  on  the  Pacific  Coast,  from 
San  Francisco  north.  Tbe  mountainous  character  of  the  conntry,  the 
clayey  natqre  of  the  soil  overlying  the  bedrock,  and  the  heavy 
seaBonal  rainfall,  are  all  favorable  for  their  production.  Scarcely  t 
winter  passes  in  which  rnilroads  are  not  repeatedly  blocked,  even  on 
lines  which  have  been  in  operation  for  years,  and  if  the  rain  cboDces 
to  be  unusually  abundant,  or  unnsiially  protracted  at  any  time,  the 
recurrence  of  such  slides  becomes  correspondingly  frequent. 

In  many '  localities  the  slopes,  in  their  natoial  state,  SLre  lying  at 
what  is  virtually  their  maximum  angle  of  repose  in  wet  weather,  and 
what  may  seem  to  be  an  inaigniflcant  side-bill  cutting  may  be  sufficient 
to  destroy  the  existing  equilibrium  and  start  motion.  This  is  aleo 
true  of  many  large  slides  of  broken  trap  rock,  along  the  slopes  of 
which  railroad  lines,  in  places,  ore  maintained  with  the  greatest  diffi- 
oulty.  Even  the  wash  of  banks,  incident  to  nnnsuolly  high  water  on 
the  Columbia  River,  for  instance,  has  been  sufficient  to  set  in  motion 
land  on  which  improvements  had  existed  for  years  without  snspicion 
of  instability. 

During  the  building  ot  the  Portland  reservoirs,  the  writer  was  in 
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cbarge  of  the  constmctioD  of  a  system  of  water-works  at  Astoria,  Mr.  Adami 
OregoD.  where  the  geological  conditions  were  almost  identical  with 
tboae  abont  Portland,  and  where  slides  and  land  of  donbtfnl  stabilitj 
were  HO  abundant  that  great  cantion  was  called  for  in  locating  reser- 
voirs and  other  permanent  etmctnree,  and  made  it  necessary  to  use 
alip-joittts  and  other  special  devices  in  the  pipe  system  where  nnstahle 
ground  conld  not  be  avoided.  He  was  therefore  a  freqnent  visitor, 
aad  a  much  interested  observer  of  the  progress  of  events,  at  Portland. 
The  author  expresses  the  hope  that  some  of  the  engineers  engaged 
by  the  plaintiff,  in  the  trial  of  the  interesting  case  of  the  King  Beal 
Estate  Compan;  versus  The  City  of  Portland,  will  avail  themselves  of 
the  opportnnitj  for  discussion  afforded  by  the  publication  ot  his 
paper.  This  the  writer  does  more  willingly  because  the  rnling  of  the 
judge,  in  the  trial  of  the  case,  prevented  any  review,  by  engineers  for 
the  plaintiff,  of  the  expert  evidence  of  the  defense,  with  the  result 
that  the  very  essence  of  difference  in  expert  opinion  was  obscured  and 
lost  because  it  was  never  driven  home  to  the  minds  of  the  highly 
agricultural  jury,  carefully  selected  in  compliance  with  law  from 
without  the  limits  of  Portland,  to  try  this  very  technical  case.  The 
experts  engaged  by  the  plaintiff  were  called  in  too  late  to  make  any 
Buitable  presentation  by  way  of  exhibits,  an  indispensable  prerequisite 
to  success,  especially  before  a  jury;  while  the  defense,  as  the  result  of 
a  year's  preparation,  combatted  with  a  magnificent  line  of  exhibits,  of 
which  the  engineer-authors  had  just  reason  to  be  proud.  The  jury 
was  duly  overwhelmed;  the  engineers  engaged  by  the  plaintiff  were 
not  permitted  to  review;  with  the  resnit,  as  has  been  stated,  that  the 
essential  point  of  difference  in  the  expert  opinion  was  obscnred  and 
lost  on  the  jury,  to  the  satisfaction  of  the  defendant  and  the  ^ef  of 
the  plaintiff. 

There  waa  substantially  no  difference  ot  opinion: 

1.  — Concerning  the  existence,  character  and  dimensions  of  the  slide, 
as  it  existed  at  the  time  of  the  trial ; 

2.  — That  without  water  there  would,  of  course,  have  been  no  move- 
ment, whether  or  not  the  reservoirs  had  been  built; 

3. — That  numerous  instances  of  local  surface  sliding  had  been 
observed  on  the  land  prior  to,  as  well  as  during,  the  reservoir  construc- 

4. — That  there  had  been  trouble,  prior  to  the  commencement  of 
work  on  the  reservoirs,  in  maintaining  the  surface  and  alignment  of 
the  cable  road; 

5. — That  no  deep-seated  or  general  movement  of  the  greater  slide 
had  ever  baeo  discovered  or  credibly  suspected  prior  to  excavating  the 
reservoirs. 

The  fundamental  question  really  involved  in  the  expert  evidence 
did  not  concern  these  matters  at  all,  but  was: 
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kt.  Adams.  Had  the  great  slide  been  ia  motion  during  a  period  of  jeus  prior 
to  excavating  the  teeervoirE?  If  pot,  waa  this  excavation  the  distiiTb- 
iug  caase  which  upset  the  pre-existing  condition  of  equilibrinm  ud 
started  or  renewed  the  motion? 

It  will  be  observed  in  the  statement  that  whether  or  not  this  land 
had  at  an  ancient  time  been  in  motion  is  not  involved  in  the  technical 
controversy,  no  matter  what  bearing  it  might  legally  have  npoo  the 
qnestion  of  damages ;  but  only  the  question  as  to  whether  it  was  per- 
manently at  rest  prior  to  commencing  work  on  the  reservoirs. 

There  are  several  important  matters,  in  addition  to  those  mentioned 
in  the  paper,  which  are  necessary  for  a  full  nnderatanding  of  tli«  sitn- 
ation.     They  are  as  follows; 

Firs/.— The  high  ridge  lying  immediately  east  of  the  two  reBer\oiiB 
and  across  the  front  of  the  sUde,  and  through  which  the  ravine  in 
which  the  reservoirs  were  built  passes  at  the  narrow  outlet  closed  by 
the  dam  of  Resert-oir  No.  4,  is  a  rocky  barrier  of  unqnestioned 
stability.     (See  Plate  IT.) 

Second. — The  small  streams  originally  flowing  during  the  rainy 
season  in  the  depressions  in  which  the  reservoirs  were  afterward  built 
were  not  of  an  erosive  character. 

Third. — In  excavating  the  reservoirs,  not  only  were  the  slopes  cnt 
back  and  increased  in  pitch  far  beyond  the  point  of  stability  for  wet 
clay,  bat  the  ravines  were  much  deepened  by  making  the  reservoir 
bottoms  much  below  the  prior  existing  natural  elevations.  The  paper 
does  not  give  the  various  depths  of  this  cutting,  but  tbey  were  shora 
as  a  part  of  the  defeudant's  exhibits.  On  page  173*  the  author  men- 
tions a  4l-ft.  cutting,  but  the  writer's  reooUeation  is  that  it  was 
generally  much  less. 

Fourth. — The  tract,  including  a  large  part  of  the  land  later  found 
to  be  in  motion,  had  been  subdivided  and  staked  out,  as  indicated  is 
Plate  IV,  five  years  before  the  cable  road  was  built  and  six  years  before 
the  excavation  of  the  reservoirs  was  started ;  and  it  was  proven  by  Mr. 
Quinn,  the  engineer  who  had  made  the  subdivision  and  who  hod 
thereafter  resurveyed  the  tract,  closing  on  the  original  stakes,  that 
there  was  a  complete  absence  of  any  general  movement  between  1887 
and  18S3. 

The  theories  and  interpretation  of  evidence  on  the  part  of  the 
defense  tended  toward  the  demonstration  of  the  existence  of  the 
large  general  slide,  as  described  in  the  paper,  presumably  datiog  in 
origin  far  into  the  past,  and  which,  up  to  the  present,  had  not  come 
to  a  condition  of  repose;  in  short,  that  the  ground  had  been  moving 
every  year,  but  without  this  movement  having  been  discovered 
previously. 

In  the  opinion  of  the  writer  and  others  associated  with  him,  there 

•  Procfedingi  Am.  Soc.  C.  K.  tor  March.  1904. 
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were  mEmj  in  annuo  untable  difficulties  in  the  waj  of  the  acceptfuic«  of  Ur,  & 
this  theoTj;  while  the  hf  potheaia  that  the  elide,  even  though  of  ancient 
origin,  had  long  ago  come  to  a  state  of  rest  agftinst  the  rockj  barrier 
directlj  in  its  path,  to  be  again  set  in  motion  hj  the  removal  of  the 
supporting  earth  and  broken  rock,  eatiefied,  in  their  jadgmeut,  eveij 
Dtaterial  point  of  evidence  as  to  fact,  and  woa  full;  warranted  from  a 
stady  tit  the  physical  conditioni. 

Some  of  the  difficulties  in  the  waj  of  the  acceptance  of  the  tbeor;^ 
of  the  defense  were: 

Firtt.—'Sbe  failure  of  the  Portland  Water  Committee  and  its  engi- 
neers, during  two  years  of  stndj  and  investigation  prior  to  commenc- 
ing work,  to  discover  this  movement,  although  cautioned  bj  intense 
pablic  opposition  to  the  sites  propoeed,  beoanse  of  their  feared  insta- 
biUty. 

Second. — It  was  utterly  at  variance  with  the  evidence  of  Mr.  Quinn, 
who  bad  subdivided  the  tract  and  resurreyed  it  years  later,  as  here- 
inbefore recited. 

It  was  also  at  variance  with  much  other,  leee  conclusive,  but  still 
good  indicative,  evidence  that  there  had  been  no  movement  for  a  mnch 
longer  period  than  that  covered  by  Mr.  Quion'a  observations,  and  none 
at  any  prior  time,  as  far  as  known. 

To  substantiate  the  claims  of  continuous  movement,  it  was  neces- 
sary  to  attribate  the  various  difficulties  with  the  cable  line,  during 
the  short  period  of  its  operation,  from  May,  1892,  until  the  following 
September,  to  this  cause.  Therefore,  iu  the  trial,  great  stress  was 
laid  upon  this  by  the  defease. 

It  the  pheuomeaa  observed  on  this  road  are  accounted  for  by  the 
existence  of  local  surface  slides  and  the  exigencies  of  operating  a  new 
road  in  this  locality,  a  cable  road  at  that,  during  the  first  year  of  its 
completion,  thttn  the  theory  of  the  engineers  for  the  plaintiff  is  incon- 
trovertible and  all  material  evidence  is  reconciled.  The  writer  is  oon- 
rinced  that,  not  only  can  these  phenomena  be  thus  accounted  for,  but 
that,  ou  the  contrary,  the  theory  of  a  general,  deep-seated  movement 
cannot  account  for  them  at  all. 

As  to  the  character  of  thia  cable  road,  as  given  in  evidence:  It  was 
bnilt  in  the  rainy  season.  On  Kingston  Avenue,  in  the  vicinity  where 
the  greatest  lateral  movement  was  observed,  the  track  waa  ou  a  fill,  30 
ft.  high,  bnilt  on  a  hillside  so  steep  that  the  bank  waa  20  ft.  higher  on 
one  side  than  on  the  other.  This  fill  had  been  built  just  before  track 
laying,  and  before  the  heaviest  rains  of  the  season  had  set  in.  On  the 
east  and  west  line,  the  grade  was  largely  in  quite  deep  cutting,  and 
the  evidence  showed  that  the  roadbed  was  so  soft  and  yielding  that 
during  constmction  it  was  constantly  forced  npward  immediately 
adjoining  the  track,  doubtless  from  the  weight  of  the  earth  in  the 
sdjaceot  baaks.   The  trestle,  which  crossed  the  ravine  where  Reservoir 
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ns.  No  4  woa  afterward  built,  carried  the  trsok  on  a  20^^  grade,  nod  tu 
built  in  ooDtact  with  a  high  end  bank,  which,  under  the  action  of 
heavy  rains,  vae  amplj  sufficient  to  canae  the  treetle  Bupporta  to  be 
pnehed  serioael;  out  of  plumb. 

The  evidence  showed  that  on  Kingston  A.venne,  before  referred  to, 
the  lateral  moTement  of  the  track  was  from  16  to  20  ins.  dnring  a 
period  of  from  4  to  5  months,  a  rate  of  movement  greati?  in  excess  of 
anything  which  has  at  any  time  been  observed  in  the  big  slide. 

It  was  testified  by  the  trackmen  that  the  90°  carve  on  Kingston 
Avenue,  in  spite  of  its  being  at  or  near  the  zone  of  maximum  move- 
ment of  the  large  slide,  had  moved  very  little,  if  at  all. 

Again,  if  the  same  90^  carve  had  been  moving,  with  the  general  slide, 
1  or  2  ft.  a  year,  with  motion  induced  by  the  push  of  a  saturated  masi 
in  the  upper  end  of  the  slide,  such  an  action  would  have  resulted  is 
the  uniform  crowding  and  buckling  of  the  track  to  the  east,  as  tar 
as  the  point  marked  "'Road  to  Baae-Ball  Ground  "  (Plate  IV).  On 
the  contrary,  the  evidence  showed  the  track  to  have  been  pulled 
apart  and  the  yokes  broken  on  this  section,  a  phenomenon  readily  pro- 
duced by  the  lengthening  of  the  track  from  unequal  settlement  in  a 
very  soft  roadbed. 

Farther  to  the  east,  there  iraa  buckling  of  the  track,  according  to 
the  evidence,  but  it  was  too  irregular  in  character,  in  places  of  occur- 
rence, and  in  total  amount,  to  harmonize  in  any  way  with  the  hypotbe- 
sis  of  a  general  movement  such  as  has  been  Hhoirn  to  exist  since  the 
reservoirs  were  excavated. 

On  page  ITT,  in  the  extract  from  the  report  of  the  engineen  for 
the  Water  Committee,  the  existence  of  surface  slides  is  mentioned. 
The  evidence  in  the  oaae  was  full  of  observatione  of  such  local  slides. 
A  bam,  once  on  the  land,  bad  been  moved  out  of  position  by  tbi« 
cause.  In  one  place  the  trees  were  observed  to  be  leaning  to  the  east, 
and  there  were  various  other  manifestations,  none  of  which  could  be 
reasonably  attributed  to  the  action  of  a  slide  from  60  to  90  ft.  thick, 
moving  from  1  to  2  ft.  a  year. 

The  writer  has  said  that  a  study  of  the  physical  conditions,  aloD«, 
also  warrants  the  hypothesis  which  reconoiles  so  effectually  all  the 
evidence  of  fact. 

Attention  is  called  to  the  exceeding  slowness  of  the  movement,  t> 
indicative  of  huw  little  equilibrium  was  disturbed. 

It  must  be  admitted  that  this  slide,  in  its  movement  eastward, 
granting  that  it  was  formerly  in  motion,  when  sufficiently  in  contact 
with  the  rock  barrier,  extending  entirely  across  its  front  save  tor 
the  gap  closed  by  the  lower  dam,  must  come  to  a  state  of  rest.  It 
ia  not  conceivable  that,  to  reach  this  state  of  rest,  a  slide,  ooDsi<t- 
ing  mainly  of  rock  and  stiff  clay  which  without  support  moved  odI.'' 
1  ft.  a  year,  would  need  to  rise  against  the  barrier  to  the  full  heigbt 


b,GoogIc 


Pftpen.]      DIBCUaSIOir   OK  A   PHBITOUKKAL  LAND  BLIDB.  491 

.  of  its  natnral  snrfaoe  and  thna  wholly  close  the  uataral  rariae  there  Ui.  a 
existing.  On  the  contrary,  it  might  reaaonablj  be  ^peoted  to  reet 
when  in  bnt  partial  oontaot,  and  the  extent  of  this  oontaot  neces- 
aarj  to  ooutinned  repose  might  be,  and  probablj  was,  relatirely  very 
small.  When  dealing  with  foioes  not  far  from  the  point  of  exact 
«qnilibrium,  graye  consequences  maj  easily  follow  seemingly  insig- 
nificant oaases. 

The  great  weight  of  the  moving  mass  has  been  urged  in  proof  of 
the  irresistible  character  of  its  movement.  Mere  weight  means  nothing 
in  determining  its  energy  unless  its  speed  also  is  considered.  If  the 
slide  were  only  3  ins.  thick  and  moving  aa  slowly  as  4J  ins.  an  horn, 
it  wonld  develop  as  mnoh  energy  as  when  76  ft.  thick  and  moving  12 
ins.  a  year. 

With  a  slide  claimed  to  be  of  geologic  origin  already  in  contact 
with  a  barrier  which  admittedly  mast  stop  its  progress;  with  instru- 
mental soTTcys  having  been  made  over  its  surface  for  six  years;  and 
eihanstive  borings  and  examinations  made  by  careful  engineers 
«harged  to  determine  its  stability;  and  with  no  movement  discovered 
until  excavations  across  almost  the  entire  width  of  its  front  had  been 
carried,  in  most  places,  below  its  plane  of  movement;  with  the  dis- 
covery, at  that  time,  of  a  rate  of  motion  of  something  like  12  ins.  a 
7ear,  followed  by  the  rapid  opening  of  large  cracks  (Page  168)  uonnd 
-the  boundaries  of  the  slide;  and  the  tracing  of  these  lines  of  frac- 
ture on  both  sides  to  points  of  contact  with  the  reservoirs  almost  ex- 
actly coincident  with  the  extent  of  their  excavations,  modified 
slightly  on  the  south  by  the  topography  (Plate  IV),  the  writer  is 
impelled  to  the  seemingly  inevitable  conclnsion  that,  whatever  the 
geological  history  of  this  land  may  have  been,  this  slide  was  in  a  qui- 
escent state  prior  to  its  being  set  in  motion  by  the  excavation  of  the 
zeservoirs. 
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AUEBIOAN  SOCIETY  OF  CIVIL  ENOINEEBS. 

maTITUTEO    ISBS, 


PAPERS  AND  DISCUSSIONS. 


LAKE  CHEESMAN  DAM  AND  RESERVOIR. 
Discussion.* 


Br  WiMBB   J,  p,  Fbieeui,  Bubb  Bassklii,  F.  B.  Mautbx, 
£.  Shebiuh  Qould,  R  W.  Habbibon,  Frank  C.  Hobn 

AMU  GhABLES  8.   OOWBN. 


Mr.rroea  JoaRTH  F.  Fbizbix,  M.  Au.  Soo.  G.  K  (bylettor).— Afaithfnlrecoid 
of  the  inception,  planning  uid  esecntioa  of  a  gT«at  engineering  work 
is  always  inetrnctiye  to  the  profession,  and,  aocOTdingly,  this  paper  bj 
Meesre.  Harrison  and  Woodard  on  the  Lake  CheeBmoa  Dam  is  vel- 
oomed.  Moreover,  the  failure  of  an  important  work  is  often  more 
inetmotiTe  than  its  snoceBsfol  exeontion,  and  in  this  view,  it  maj  be 
said,  without  anj  disparagement  to  the  general  scope  and  purpose  of 
the  paper,  that  its  most  valasble  featnre  is  the  account  of  the  failnre 
of  the  ordinal  rock-flJI  dam.  This  wfts  a  most  nofortnnate  occnrrence, 
not  onlj  aa  a  Berions  pecuniary  lose  to  the  promoters  of  the  nndeitak- 
ing,  but  as  discrediting,  in  their  minds,  and,  no  donbt,  in  the  mind  of 
the  general  pnblio,  this  mode  of  constmction. 

The  future  prosperity  of  the  arid  section  of  the  United  States,  like 
that  of  every  other  section,  depends  largely  npon  agricnltnre,  and  tlie 
latter  depends  wholly  apon  irrigation.      The  oonfonnation  of  tli» 

*  TblB  dlscuHloD  (of  the  paper  by  CbariM  L,  HanliOD.  H.  Am.  8oc  C  B. ;  and  SIUk- 
H,  Woodard,  Aasoc.  H.  Am.  Boc  C.  E.,  prlatcd  In  Pne«edl»at  for  IUicIl  I<M).  >• 
printed  In  Frooefding§  In  order  that  tbe  ilewi  expreaaed  mar  be  broo^t  bc<a«  all 
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coaotTf ,  ftbomndiag  in  deep  oaSoDS  worn  in  bard  rock,  calls  impera-  Mr,  FrinU. 
tiTet;  for  high  dams,  and  the  needs  of  agricnUnre  call  with  equal 
urgency  for  leee  expenaiTe  metfaode  of  baildjng  than  are  ordinarilj 
adopted,  or  are  justidable  in  works  of  manicipal  water  supply.  These 
conditions  are  folfiUed  by  the  rock-flll  dam,  and  this  mode  of  con- 
strtiction  most  not  be  brought  into  discredit  bv  a  failure,  the  reenlt  of 
an  obviously  avoidable  accident.  The  record  of  precipitation  on  the 
drainage  area  appurtenant  to  this  dam  has  been  kept  for  30  years  or 
more.  At  the  commencement  of  the  work,  in  1898,  this  record,  presom- 
ably,  was  available  for  the  preceding  26  years.  This  showed  tiiat  high 
water  occurred  in  the  spring  and  early  summer.  In  May,  1876,  22 
years  previously,  had  occurred  a  rainfall  nearly  double  that  of  any 
otber  month  in  the  record.  Under  the  arrangements  adopted,  this 
might  hare  been  regarded  as  certain  to  overtop  the  dam.  Aa  the  dam 
was  expected  to  occupy  two  years  or  more  in  construction,  the  engi- 
neer accepted  a  chance,  of  at  leaet  one  in  ten,  of  its  destruction  while 
in  process  of  building.  It  is  true,  he  hoped  that  such  another  rainfall  as 
that  of  Uay,  1876,  would  not  occur  until  after  the  completion  of  the 
dam,  but,  as  matters  fell  out,  it  did  occur.  Natural  agencies  worked 
without  any  regard  to  the  engineer's  wishes.  Uany  dame  of  this  con- 
stnictioD  might  have  been  undertaken  nnder  ckances  equally  or  more 
adverBe,  and  bronght  to  successful  completion.  In  this  case,  the  fatal 
event  happened,  and  the  dam  failed.  This  occurrence  does  not 
invalidate  the  principle  of  the  rock-flll  dam.  It  only  shows  the  neces. 
sity  of  guarding  against  the  danger  to  which  the  loss  of  this  dam  is 

There  are  two  general  methods  of  making  such  a  dam  safe  while  in 
process  of  constraction:  (1)  To  construct  the  efSuz  passage  with 
dimenaions  sufficient  to  take  off  the  whole  Sow  of  the  stream  in  the 
highest  stage,  under  the  head  that  can  be  obtained  by  such  a  low  dam 
as  can  be  built  above  the  main  dam;  and  (2)  construct  the  rock-flll 
dam  so  that  it  will  admit  of  overflow  at  any  stage  of  its  construction. 

In  thie  case,  the  flrst  method  would  be  inordinately  expensive,  and 
the  obiect  would  be  very  likely  to  be  defeated  by  drift-wood  brought 
down  by  the  first  great  flood. 

The  writer  has  long  been  of  the  opinion  that  it  wonld  conduce 
much  to  the  success  of  the  second  method,  as  well  as  to  the  general 
stability  and  safety  of  the  rock-flll  dam,  to  flU  the  interstices  of  the 
latter  with  gravel  or  t*rth.  The  work  might  be  executed  in  layers 
of  18  to  24  ins.  in  depth,  and,  after  the  completion  of  a  layer  of  stone, 
earth  might  be  sluiced  in,  or  deposited,  nnder  the  action  of  water, 
until  the  latter  would  stand  upon  the  mass.  The  construction  indi- 
cated by  Fig.  12  is  submitted  as  a  method,  though  very  possibly  not 
tiie  beet,  of  constructing  the  dam  so  as  to  admit  of  overflow  at  any 
Btage  of  its  progress.     This  contemplates  a  massive  crib  of  squared 
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Hr,  Frlieti.  or  flatted  timber,  notched,  fastened  together  with  Borew-  and  drift- 
bolts,  loaded  with  stone,  and  decked  with  thick  planking.  This  is 
represented  in  Fig.  12  as  12  ft.  deep,  20  ft.  np  and  down  str^m,  (md 
extending  ocroee  the  canon,  which  is  some  80  ft.  wide  at  the  level  of 
the  deck.  On  the  np-streiun  side  ot  this  orib  the  stoae,  or  stooe  aad 
gravel,  filling  ia  oommenoed.  Ab  this  proceeds,  the  rods,  r,  r,  r,  are 
inserted,  anchored  to  the  wooden  blocks,  a,  a,  a,  at  the  bottom,  and 
adjosted  to  teoeive  the  eleepen,  b,  b,  b,  which  are  embedded  in  the 
rock  filling,  and  Bolidl^  confined  bj  nuts  and  washers.  To  these 
sleepers,  a  layer  of  8-in.  plank  is  spiked,  not  necessarilj  in  con- 
tact, bnt  leaving  intervals  of  2,  3  or  4  ins.  In  carrying  forward  this 
work,  the  aim  should  be  to  keep  the  uppermost  sleeper  some  6  ft. 
higher  than  the  general  level  of  the  dam;  at  least,  this  should  be  the 
condition  when  the  water  comes  to  the  existing  level  of  the  dam.  It  is 
obvionB  that  Buch  an  event  oonld  not  ooonr  without  warning  and  time 
for  preparation. 


Suppose,  in  the  case  under  consideration,  that  the  work  is  up  to 
where  the  valley  is  IGO  ft.  wide.  Assume  that  the  maximum  flood 
seeking  egress  is  3  000  cu.  ft.  per  second;  20  on.  ft.  per  second  per 
foot  of  length  of  the  overflow,  involving  a  depth  on  the  oi«8t  ot  some- 
what more  than  3  ft.  The  water  is  then  some  9  ft.  in  depth  on  the 
unprotected  filling,  and  moves  across  it  with  the  very  moderate 
velocity  of  a  little  mora  than  2  tt.  per  second,  a  velocity  incapable  of 
dislodging  the  smallest  stone.  The  sketch.  Fig.  12,  it  will  be  noticed, 
ooatemplates  the  laying  up  ot  the  stones  under  the  uppermost  sleeper 
in  an  orderly  manner  in  preparation  for  an  overflow.  By  turuing  up 
thenntB  at  the  heads  of  the  rods,  a  pressure  can  be  brought  upon  these 
stones,  rendering  them  immovable. 

It  will  be  obvious  that  the  danger  of  overflow  diminishes  rapidly 
as  the  dam  rises,  bnt  is  much  greater  in  the  early  part  of  the  woik 
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tban  later  on,  tor  these  reaeone  r  (1)  Becanee,  in  the  Istter  oaoe,  tbe  Hr.  rHMlL 
flood  ifl  more  largely  expended  in  filling  the  reeervoir;  (2)  becanse  tbe 
dlBoharge  through  the  efflux  passage  is  greater,  owing  to  the  increased 
head. 

This  mode  of  protection,  applied  to  the  case  nnder  consideration, 
wonld  have  involved  something  like  1  000  000  ft.  of  Inmber,  of  an 
ioferior  grade,  and  not  more  than  400  000  lbs.  of  iron. 

The  paper  is  somewhat  incomplete  as  regards  the  efflnx  arrange- 
ments. Under  so  great  a  head,  and  with  bo  large  a  volnme  of  water,  a 
more  detailed  description  of  this  feature  is  desirable.  The  inquiring 
reader  might  at  least  desire  to  nnderstaod  the  necessity  for  providing 
three  efflnx  passages  at  different  depths.  Does  this  diapoBitioQ  rest 
npon  anj  substantia  reason,  or  upon  a  mere  tradition  of  the  enginew- 
ing  profession? 

Neither  the  statical  principles  of  thestabilit;  of  walls  nor  of  arches 
can  be  given  full  effeot  in  the  diacnesion  of  this  structure,  though  the 
latter  applj  much  more  fully  than  the  former.  It  is  customary  to 
saj,  in  objeotion  to  the  arched  form  of  dam,  that  a  ring  of  the  arch 
cannot  transmit  to  the  abutment  the  preeeure  sustained  by  it  without 
breaking  its  connection  with  the  iing  below,  and  that  the  dam,  as  a 
whole,  cannot  transmit  its  pressure  without  breaking  its  connection 
^tb  tbe  bottom.  This  proposition  should  be  more  carefully  con- 
sidered. 

Begard  the  dam,  with  Mr.  Woodard,  as  made  up  of  a  series  of 
rings.  Consider  the  action  on  the  upper  ring,  assumed  to  be  level 
with  the  water  at  the  top.  It  is  only  in  virtue  of  some  slight  deforma- 
tion of  tbe  ring  that  its  pressure  can  be  transmitted  to  the  abntments, 
and  this  deformation,  it  will  be  said,  is  resisted  by  the  ring  below, 
through  friction  and  the  tensile  or  shearing  strength  of  the  mortar. 
Remember,  however,  that  no  part  of  tbe  bottom  or  sides  of  the  canon 
is  entirety  unsusceptible  of  deformation.  Now  consider  the  second 
ring.  This  sustains  a  greater  pressure  than  the  one  above  it,  and  its 
tendency  to  deformation  operates  to  transmit  the  pressure  on  the 
upper  ring  more  fnlly  to  its  abutment.  The  pressure  on  the  third 
ring  has  the  same  tendency,  and  so  downward.  The  deformation  of 
each  ring  is  aided  by  its  oonneotiou  with  the  ring  above,  and  resisted 
by  its  connection  with  the  ring  below,  and  it  takes  deformation  approx- 
imately, but  not  fully,  equal  to  that  due  to  the  water  pressure  acting 
directly  on  it.  The  direct  pressure  on  the  ring,  not  transmitted  to 
the  abutment,  is  transmitted  to  the  bottom  and  sides  of  the  canon, 
through  friction  and  the  tensile  and  shearing  strength  of  the  mortar. 
It  results  in  a  deformation  of  the  material  different  from  any  that 
occurs  in  the  straight  dam  or  the  vertical  arch :  a  deformation,  namely, 
in  which  the  upper  face  of  any  block  tends  to  move  with  reference  to 
the  lower  face. 
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J.  The  compatation  of  the  Bt&bility  of  a  straight  d/aa  of  tb«  given 
oroBB-seotion,  and  in  the  given  sitnatiou,  witboat  oouaidering  an;  toicea 
other  than  the  weight  of  masonrj  and  preaanre  of  water,  ia  marelf 
a  oouventional  and  academic  eseroiae.  Not  that  such  a  compntatian 
wonld  lead  to  an  unsafe  section,  bnt  that  it  ignores  forces  larger  thm 
those  of  wbiah  it  takes  acoonnt.  Apply  enoh  a  compntation,  for  in- 
stance, to  the  part,  about  DO  ft.  wide,  that  rests  on  the  bottom  of  the 
oanon  and  sastains  the  entire  head  of  water.  This  part  oannot  be  over- 
turned without  breaking  its  connection  with  the  remainder  of  the  dam. 
There  is  found  a  pressure  of  some  4S  000  000  lbs.  tending  to  overtom 
this  portion.  If  the  shearing  strength  of  the  masonrf  is  estimated  at 
100  lbs.  per  square  inch  (sa;,  for  oonvenieDoe  of  computation,  1 500 
lbs.  per  square  foot),  the  average  thickness  of  the  masonry  being 
something  like  100  ft.,  it  is  fonad  that  there  is  a  foroe  of  some  220  x 
110  X  16  000  X  2  =  726  000  000  lbs.  tending  to  resist  overtoming. 
Or,  if  the  stability  of  the  entire  dam  be  considered  as  a  body,  it  cannot 
be  overturned  without  breaking  its  conaeotion  with  the  canon  along 
the  entire  perimeter  of  the  latter.  In  fact,  it  oannot  then  be  over- 
turned without  breaking  and  crumbling  into  many  pieces.  In  this 
case,  the  foroe  tending  to  push  the  dam  down  stream  is  something 
like  400  000  OOO  lbs.  The  shearing  strength  resisting  this  movement 
is  something  like  1  260  000  000  lbs.  Certainly,  if  computation  shows 
a  margin  of  safety  in  disr^ard  of  these  enormous  forces,  the  dam 
ought  to  be  safe. 

To  give  an  arched  form  to  a  dam  involves  much  additional  expense 
and  labor,  and  it  would  seem  that  this  expense  and  labor  ought  to  be 
attended  with  a  diminution  of  material.  Of  course,  the  engineer's 
aim  is  to  secure  safety  beyond  the  possibility  of  a  doubt,  but  to  go 
beyond  this  point  involves  a  waste  of  material.  Where  dimensions 
are  adopted  which  make  the  structure  abundantly  safe,  r^^arded  as  a 
straight  dam,  it  seems  to  be  uoneoessary  to  give  it  a  curved  form. 

The  furnishing  of  the  cement  by  the  owners,  instead  of  requiring 
the  contractor  to  furnish  it,  was  a  highly  commendable  feature  of  this 
work.  No  stipulations  of  a  contract  are  more  easy  to  evade  and  more 
difficult  to  enforce  than  those  which  relate  to  the  mixing  and  the  use 
of  mortar.  Where  the  contractor  furnishes  the  cement  he  is  under 
constant  inducement  to  withhold  it  from  the  work.  Though  he  may, 
ostentatiously  and  loudly,  enjoin  upon  his  men  full  compliance  with 
the  terms  of  the  contract,  they  readily  discern  his  real  wishes,  and 
comply  with  them.  There  is  uo  security  for  the  proper  use  of  mortar, 
unless  the  nse  ia  made  to  coincide  with  the  contractor's  interest. 

U.  BuBB  Bassbij..  M.  Am.  Soc.  C.  E.  (by  letter).— The  writer  has 
read  this  paper  with  pleasure,  and,  while  be  does  not  wish  to  make  a 
technical  discussion  of  the  paper,  his  iutereet  in  the  construction  of 
dams  in  general,  and  his  familiarity  witb  different  types  and  profiles 
of  dams,  leads  to  a  few  remarks. 
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lo  Fig.  II,  Hr.  Woodwd  baa  shown  oomparatiTe  seotions  of  eight  Hr.  b 
4axaB,  inclndiDg  tha  Lake  GhMsmaD  Dun.  The  writ«r  regrets  that 
the  I^ke  Hemet  Dam,  California,  vas  not  selected  instead  of  the 
smaller  Sweetwater  Dam,  for  two  reasons:  In  the  flret  place,  the  pro- 
file aoroea  the  canon  at  the  Hemet  Dam  site  does  not  differ  materiallj 
from  that  of  the  Cheeaman  Dam  site,  after  eliminating  the  lower  30  ft. 
of  the  latter,  or,  in  other  words,  they  are  praotinallj  the  some  between 
Elerations  +  20  and  +  170.  Again,  the  Hemet  Dam  is  abont  the 
same  height  ae  the  Ban  Dam,  in  France,  designed  to  be  166.6  ft.  above 
"tlie  loweet  foundation,  or  162.6  ft.  above  the  oreek  bed. 

The  base  elevation  of  the  latter  corresponds  to  Elevation  +  70  of 
the  Cheeaman  Dam,  at  which  point  they  are  within  0.61  ft.  of  the 
same  thickness.  The  Hemet  Dam  has  a  very  simple  profile  or  Beoti<m, 
having  a  etraight  batter  of  1  in  10  on  the  npt^tream  face  and  1  in  2, 
OT  6  in  10,  on  the  down-stream  face.  Plotting  this  profile  on  Fig.  11, 
and  producing  the  face  line  downward  for  deeper  foandations,  or  to 
oorreepond  to  a  dam  of  the  same  height  as  the  Cheesman  Dam,  the 
following  points  may  be  noted  by  way  of  comparison:  The  Hemet  and 
Cheesman  Dams  are  of  practically  the  same  thickness  at  Elevations 
+  70  and  +  207  (Cheeaman)  or  Elevations  0  and  +  1S7  (Hemet),  being 
100  ft.  and  18  ft.,  reepecUvely. 

The  Cheesman  Dam  is  176  ft.  thick  at  [its  foundation  base,  while 
the  Hemet  Dam  aection  wonld  give  148  ft.,  or  28  ft.  less.  This  means 
that  in  the  lower  80  ft.  of  the  Cheesman  Dam  there  is  a  sectional  area 
of  1 120  sq.  ft.  in  eioesB  of  the  Hemet  section.  On  the  other  hand, 
in  the  npper  160  ft.  of  theCheesman  Dam,  correepondingto  the  Hemet 
Dam,  the  latter  has  an  excess  of  almost  identically  the  same  sectional 
area.  For  straight  gravity  dams,  this  simple  section  is  certainly 
safe,  and  for  dams  carved  in  plan  it  is  not  mnch  in  excess  of  an  ideal 
section. 

In  the  discnssion  of  cnrved  dams,  where  arch  action  may  be  bronght 
into  effect,  the  bold  stmctnre  of  the  Bear  Valley  Dam,  California,  is 
always  cited.  As  a  matter  of  record,  the  writer  will  here  state  that  he 
pointed  ont  the  secret  of  its  stability,  ten  years  ago,  in  the  columns  of 
Engineering  Jfewn.  This  dam  was  built  under  hydrostatic  pressure, 
insuring  a  perfect  arch.  This  method  of  construction  might  be  used 
to  advant^e  again,  but,  certainly,  never  so  bold  a  section. 

The  writer  appreciates  the  importance  of  careful  computations  to 
obtain  both  safe  and  economical  sections  for  a  dam,  especially  if  the 
dam  is  high  or  has  a  long  crest.  He  also  realizea  fully  the  importance 
of  aufiBcient  base  width  and  bed-rock  anchorage;  however,  he  is  in- 
olined  to  favor  simplicity  is  design,  and  woald  not  build  too  close  to 
theoretical  lines  in  the  upper  portion  of  a  dam,  for  fear  of  seismic 
disturbances  and  for  other  reasons.  Furthermore,  there  seems  to  be 
less  reason  for  extending  the  thickness  of  that  portion  of  the  dam 
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HT.BunU.  Thioh  is  below  the  sorfaoe  of  the  gronnd  beyond  tbe  limits  of  the 
simple  BectioD  euggeated  than  for  decreasing  it  above. 

What  the  writer  wishes  to  point  out,  and  bave  fixed  in  tbo  minds  of 
the  jonnger  members,  is  the  simple  Bection  here  presented  vbidi 
agrees  so  well  with  approved  profiles  for  msBonr;  dams,  and  is  repi«^ 
aented  in  aotnal  praotioe  by  the  I^ke  Hemet  Dam,  Calif<»ma.  He 
would  recommend,  for  the  lower  half  of  a  masonry  dam  of  onj  height, 
a  thioknesB  of  six-tenths  of  th«  depth  from  the  top,  plus  the  crown 
width. 
Mr.iuiaqr-  F.  B.  Hai;tbt,  M.  Ah.  Soc.  C.  E.  (by  letter].— The  writer  has  beeb 
greatly  interested  in  the  deeoription  of  this  work,  as  he  is  quite  inti- 
mately aei]iiitint«d  with  the  locality.  lo  Uay  and  June,  1897,  he  waf 
employed,  under  H.  M.  Chittenden,  H.  Am.  Soo.  G.  £.,  Captain,  Corps 
of  Engineers,  U.  8.  Army,  in  making  some  surreys  and  examinations 
of  reservoir  sites  in  Colorado  and  Wyoming  for  the  War  Department. 
He  also  assisted  Captain  Chittenden  in  the  stndy  of  the  develop- 
ment of  the  varions  projects  and  in  making  plans  for  the  proposed 
dams.  Among  others,  the  reservoir  site  now  known  as  theCheeeman 
Reservoir  was  oarefnllj  Bnrveyed,  and  plans  for  the  dam  prepared. 
The  report  of  these  snrveys,  with  maps  and  plans  of  the  proposed 
stmotnre,  was  published  as  Honse  Document  No.  141,  66th  OoDgress, 
2d  Session;  and  also  In  the  Annnal  Report  of  the  Chief  of  Engineen, 
U.  S.  Army,  for  1898,  p.  2816  et  teq. 

The  contoor  map,  Fig.  2,  is  so  similar  to  the  one  printed  in  the 
foregoing  report,  almost  every  indention  or  projecting  point  in  the 
contonrs  being  identical  in  each,  that  the  writer  wonders  if  one  is  not 
a  rednction  from  the  other. 

A  masonry  dam  was  proposed  at  identically  the  same  point  and  of 
the  same  height.  The  onrve  of  capacity,  given  in  the  foregoing  re- 
port, is  identical  with  that  given  in  Fig.  3.  In  making  studies  for 
the  proposed  dam  at  this  site,  the  writer  made,  for  Captain  Chitten- 
den, some  ninety-five  comparative  cross-sections  of  the  high  dams  of 
the  world. 

A  rook-fill  dam  with  a  steel  core,  similar  to  the  Otay  Dam,  in  Gali- 
fomia,  was  considered,  but  it  was  thought  that  the  vast  interests  of 
both  life  and  property  which  wonld  be  endangered  by  the  failnra  of 
a  dam  of  such  magnitude  as  proposed  at  this  point  prohibited  the 
building  of  any  structure  which  contained  an  element  of  danger.  For 
this  reason,  a  masonry  dam  was  proposed.  It  was  to  be  200  ft.  in 
height  above  original  low  water,  or  with  a  total  height  of  about  230 
ft.  It  was  proposed  to  bnild  it  on  a  onrve,  in  plan,  having  a  radins 
of  800  ft.  It  is  noted  that  the  dam,  as  described  and  built,  has  a 
onrve  with  a  radins  of  about  400  ft.  It  was  also  proposed  to  make 
the  spillway  over  a  natural  saddle  of  rock,  as  described.  The  section 
proposed  was  very  similar  to  the  one  built,  having  a  width  of  20  ft. 
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on  top  and  175  ft.  on  the  bottom,  aa  oompued  with  16  and  176  ft.  m  kt.  Maitb; . 
bnUk 

It  is  ■  Bonrce  of  gratification  to  the  writer  to  know  that  plans  (or 
tLis  stmotTire,  aa  given  in  the  above-mentioned  report,  agree  so  closely 
Vith  the  plans  of  the  stmctnre  as  flnall;  designiid  and  built  b;  such 
eminent  men  in  their  profeasioD  as  were  employed  as  Chief  and  Oon- 
snlting  Engineers. 

E.  Shxbh&k  Oouu>,  U.  Ah.  Soo.  G.  E.— This  paper,  taken  in  oon-  Mr.  oouid. 
neotion  with  recently  published  descriptions  of  similar  stractnree  in 
Australia  and  California,  is  of  great  valve  at  the  present  time.  It 
seems  likely  that  the  high  masonry  dam  of  the  future  will  be  of  the 
aroh  type,  receiving,  Bnstaining,  and  transmitting  to  abntnieiits  the 
Btresses  acting  npon  it,  rather  than  opposing  them  by  its  mere  dead 
weight,  or  the  moment  of  its  dead  weight.  In  this,  the  art  and  science 
oTdam  building  is  but  following  the  universal  drift  of  all  branches 
of  oonstmction,  in  reducing  the  amount  of  material  used  by  a  more 
infelligent  distribution  of  it.  This  is  aocomplished,  generally,  by 
analyzing  the  stresses  acting  npon  the  structure,  and  framing  it  of 
pieces  the  axes  of  which  coincide  with  the  lines  of  stress.  Also,  in 
the  choice  of  the  material  need;  the  growing 'substitution  of  light 
forms  of  reinforced  concrete  for  massive  rubble  being  a  step  in  this 
direction. 

The  structure  described  in  the  paper  is  peculiar  in  that  the  aroh 
form  seems  to  have  been  adopted  more  with  a  view  to  fit  the  work  to 
the  ground  than  for  any  other  motive.  Seeing  that  the  dam,  if 
started  straight  from  one  end,  must  be  deflected  in  order  to  reach 
proper  gronnd  at  the  other,  it  was  preferred  to  meet  this  neoessity  by 
a  curved  line  rather  than  a  broken  one,  in  order  to  secure  whatever 
additional  strength  the  arch  form  might  give  it.  If  it  had  not  been 
for  the  peauliar  topography  of  the  site,  it  appears  that  a  straight 
dam,  with  what  for  convenience  is  termed  a  "  gravity  section,"  would 
have  been  adopted,  and,  indeed,  such  a  section  was  adopted  and 
ootinted  on  to  sustain  the  pressure,  the  aroh  being  considered  only 
as  incidental  and  merely  affording  whatever  additional  strength  might 
reside  in  it. 

Now,  the  speaker  considers  that  this  combination  is  radically 
faulty;  that  the  two  systems,  aroh  and  gravity,  do  not  aid  but  rather 
conflict  with  each  other,  and  that  a  section  which  is  right  for  one  is 
wrong  for  the  other.  He  does  not  wish  to  be  understood  as  saying 
that  if  an  arch  dam,  with  its  lighter  section,  were  sprung  across  a 
valley,  its  stability  would  not  be  increased  by  adding  to  its  base  a 
further  mass,  such  as  would  be  required  to  give  it  the  form  of  a 
gravity  section;  what  he  does  wish  to  say  is,  that  if  such  additional 
material  were  put  into  the  work,  it  oonld  be  mote  advantageously 
placed  elsewhere.     Furthermore,  he  would  wish  it  to  be  understood 
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Mr.  Qould.  thkt  in  all  that  he  has  said,  aod  is  about  to  My,  he  refen  to  those 
coses  There  the  curve  is  so  pronoanoed  as  to  form  a  veritAfale  ucli, 
and  not  a  mere  camber. 

When  a  dam  with  a  giUTity  section  is  bnilt  on  a  ourve,  its  strength 
to  resist  cmshing  or  overtarning  aa  «  gravity  dam  ie  impaired, 
althoDgh  the  deficit  is  more  than  compensated  by  the  setting  np  of 
the  aroh  action.  Therefore,  it  oannot  be  considered  as  possessing  all 
its  gravity  strength  with  all  its  aroh  strength  super-added.  The  totad 
hydrostatic  pressure  against  it  is  increased  in  the  ratio  that  the  arc  of 
the  curve  is  greater  than  ita  chord,  while  the  resisting  area  at  the  toe 
is  reduced,  measurably,  in  the  same  proportion. 


TbcBc  conditions  may  be  seen  by  reference  to  Figs.  13  and  14, 
which  show  two  ideal  though  quite  possible  plans,  Fig.  13  being  that 
of  a  straight  dam  and  Fig.  11  that  of  a  curved  one,  both  having  the 
flame  span.  The  total  pressnie  upon  the  curved  back  is,  in  this  case, 
six-fifths  of  that  on  the  straight  back.  It  Fig.  U  is  developed,  it 
gives  Fig.  16,  which  shows  that  the 
resisting  area  of  the  dam  ie  dimin* 

ished  by  the  gores  left  vacsnt  *•?        I        I         I        j        j         I 
the  development.  v  ■*-! — *— i — '   i    '    i — '   i    '  . 

But  when  the  arch  form  is 
frankly  invoked,  as  in  the  present 
case,  why  should  the  gravity 
feature  be  retained  in  the  problem? 

The  forces  with  which  the  dam  contends  are:  sliding  forward  on  its  base; 
overturning  sjound  the  outer  edge;  and,  in  the  case  of  very  high  dams, 
the  crushing  of  the  material  when  the  dam  is  sustaining  a  full  head  of 
water.  If  the  dam  is  straight,  and  is  cut  into  imaginary  slices,  say,  1 
ft.  thick,  all  of  these  phenomena  may  be  produced  upon  a  given  slice 
without  disturbing  the  adjacent  ones.  In  a  curved  dam  this  could 
not  take  place  without  setting  up  violent  lateral  reactions  because  the 
imaginary  slices,  having  their  axes  in  the  same  Unes,  as  the  preesoiee 
are  no  longer  parallelogram atic,  but  wedge-shaped,  and  cannot  be 
thrust  forward  or  made  to  rotate  without  pushing  aside  or  crashing 
the  adjacent  ones.  It  eeeiiis  to  the  speaker,  therefore,  that  a  gravity 
section  implies  a  faulty  design  when  applied  to  an  arched  dam,  because 
it  provides  for  a  class  of  stresses  to  which  the  stmctare  cannot  be 
subjected. 
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In  the  speaker's  opinion,  the  oklonlation  for  this  dun  shonld  liATe  Mr.  OonU. 
been   made  whoU;  npon  tbe  woh  proposition.     Hr.  Woodard  states 
tb&t  this  oalonlatiou  was  made,  but  doee  not  give  tbe  method  used  nor 
ibe  resnlts,  which  fact  mnat  be  taken  as  a  proof  that  he  oonsidered 
them  satisfactory. 

The  speaker  is  not  aware  what  method  of  oalanlation  has  generally 
been  need  for  arched  dams,  considered  simply  as  snoh.  In  some  re- 
Bpeote  it  wonld  seem  that  tbe  oalcnlation  mnst  be  simpler  than  for 
an  ordinary  arch  sustaining  a  vertically  acting  load.  The  weight  of 
the  dam  itself  is  not  borne  by  the  arch,  and  tbe  pressure  that  it  does 
sTUFtain  is  uniform  per  unit  length  of  sorface,  and  is  direoted  at  all 
points  toward  tbe  ceoter  of  tbe  cnrre.  The  line  of  pressure,  there- 
fore. Be  Hr.  Woodard  states,  must  correspond  with  the  ourre.  What 
ia  wanted  is  the  horizontal  compresaiTe  stress  per  unit  of  Beetion, 
Navier's  formula  appears  to  be  peoaliarly  adapted  to  this  calculation, 
because  it  is  based  precisely  npou  the  hypothesis  of  fluid  pressure, 
and  is  only  applied  to  other  oases  by  a  more  or  less  prermissibte  exten- 
sion.    Navier's  formula,  as  is  well  Imown,  is  as  follows: 

Q  =  PS- (1) 

In  this  formula,  referring  to  Fig.  16,  Q  =  tbe  compreBsive  stress 
npon  any  horizontal  strip,  of 
length,  X,  and  nuit  width,  tbe  nuit 
in  this  case  being  I  ft.,  situated 
at  tbe  depth.  A,  below  the  surface 
of  the  water  which  is  assumed  to 
be  level  with  the  top  of  the  dam. 
P  ^the  horizontal  pressure  at  the 
depth,  h,  upon  the  unit  surface 
(1  sq.  ft.),  and  Jt'  =  tbe  radius  of 
the  curve  of  the  intradoa  of  tbe  ^ 
arch.  In  this  case  S'  =  B  —  x;  R 
being  the  radius  of  the  crest  of 

th^  dam.    S,  of  course,  is  constant,  while  R'  varies  with  the  value  of  x. 
The  pressure  upon  the  unit  of  surface,  tbat  is,  upon  1  sq.  ft.,  due 
to  tbe  bead,  h,  is  62.50  h.     The  formula  then  becomes: 

C  =  62.50  ft  (B  —  a:) (2) 

To  find  tbe  proper  value  for  x  at  any  given  depth,  h,  below  tbe  top 
of  the  dam,  a  value  for  Q,  based  upon  the  permieeible  unit  stress, 
must  be  assumed.  The  value  of  Qwould  then  be  this  stress  multiplied 
by  X,  since  x,  being  of  unit  width,  is  the  section  which  mnst  resist  the 
pressure.     Designating  this  limiting  stress  by  L,  we  have: 

L  X  =  62.50  h  (S  —  X); 
whence 

62.60  h  R 


"L  +  62.50A  ■ 


.(3} 
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r.  Qooid.       This  18  the  general  ezpresrioD  for  the  value  of  x  at  sdj  given  depth, 
A,  when  the  radine,  R,  and  the  limitiDg  streea,  L,  are  giveo. 

It  is  evident  that  a  high  value  ma;  be  aaaigned  to  L,  beoaase  tba 
preBsnre,  particularly  neat  the  base  of  the  dam,  is  exercised,  not  npoo 
imaginarj  isolated  strips,  as  has  of  neoessitj  been  assumed  in  the 
formolR,  but  upon  stripe  embedded  in  a  mass  of  masonry.  Jt  =  WfXfi 
lbs.  wonid  be  a  couserrative  value,  under  the  oirooinstances.  In  the 
Lake  Cheeaman  Dam,  R  =  400  ft.  Inaerting  these  values  in  Eqnation 
8  and  reducing,  gives: 

400  A  ,,, 

*=«oTT (*> 

This  ia  the  vorkiug  formula  adapted  to  the  present  paiticnlai 
case,  and  by  its  aid  a  series  of  values  of  x  can  be  calculated,  as  in 
Table  No.  4. 

TABLE  No.  4. 


»™.... 

h 

' 

AcMd  tevUu 

Q 

»D 

aoo 

SO 

The  profile  thus  determined  is  shown  in  Fig.  17,  upon  vbiob  the 
actual  profile  of  the  Lake  Gheesman  Dam  is  also  shown,  apprcii- 
mately,  in  dotted  lines. 

Now,  whether  ornot  the  valne 
of  L  is  rightly  chosen,  whether 
the  resulting  profile,  as  shown  in 
Fig.  17,  is  too  bold  or  not  bold 
enough,  the  fact  which  the 
speaker  is  seeking  to  establish  is 
that,  at  least  in  bis  opinion,  the 
proper  profile  for  an  arched  dam 
is  of  the  general  shape  shown  in 
Fig.  17,  rather  than  the  one  ao- 
tuallj  used,  and  it  is  upon  this 
point,  for  his  own  enlighten- 
ment, that  he  would  be  glad  to 
know  the  opinions  of  others. 

Also,  he  would  suggest  the 
following  questions  as  needing 
further  elucidation: 

Can  the  thruet  of  the  water  in  the  arch  dam  be  considered  as  be- 
ing transferred  totally  to  the  sides  of  the  valley,  and,  if  so,  is  it  neoet- 
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-sar;  to  consider  the  T«rtical  preBenre  upon  tbe  bas«  of  the  HMta  u  Hr.  Oonid. 
anjthing  moie  than  that  due  to  the  veight  of  ttte  dam  itseU,  when  the 
xweiToir  ie  emptj?    The  extreme  thisneBB  of  some  exiBting,  high, 
arched  dame  would  seem  to  indicate  that  it  is  not. 

It  would  require  much  more  time  than  ia  now  at  command  to  fol- 
low, and  rerifj  the  skilful,  but  intricate  caloolationB  and  assumptions 
developed  bj  Mr.  Woodard.  The  reaiilts  shown  in  Fig.  10  are  but-. 
prising  in  that  thej  exhibit  bo  slight  a  difference  between  the  lines 
of  preBBur«  for  a  full  reservoir,  with  and  without  the  aid  of  the  arch. 
Thej  seem  to  indicate  that  the  very  pronounced  arch  form  added 
practioaUy  nothing  to  the  strength  of  the  dam. 

Against  the  heavj  profile  of  the  Lake  Gbeeaman  Dam  there  must 
be  Bat  off  the  man;  verj  light  arch  dams  alreadj  built  and  standing 
intact.  Apparently,  there  is  discord  between  theory  and  practice  in 
regard  to  stmotucea  of  this  class.  If  calculation  shows  that  these 
dams  are  too  frail  to  sustain  the  forces  acting  upon  them  and  they 
yet  persist  in  standing  up,  then  it  would  certainly  seem  that  there  is 
eomething  wrong  with  the  theory  upon  which  the  calculation  ie 
based. 

One  fact  it  is  well  to  bear  in  mind,  as  explaining  the  frequent  dis- 
agreement between  fact  and  theory,  in  the  case  of  retaining  walls  in 
general,  and  of  dams  in  particular,  and  that  ia  the  enormona  differ- 
ence between  the  assumed  data  and  the  actual  conditions,  resnlting 
in  a  great  but  neglected  factor  of  safety.  When  the  resistance  of  a 
gravity  dam  is  calculated,  a  slice  1  ft.  thick  is  taken  at  the  point 
where  the  dam  is  the  highest,  and  is  considered  as  standing  alone, 
without  any  lateral  support,  and  depending  for  its  stability  wholly 
upon  the  moment  of  its  mass. 

Then  (neglecting  besides  the  adhesiou  of  the  mortar),  this  slice  ie 
considered  as  representing  the  entire  dam.  If  the  dam  were  of  equal 
height  throughout  and  of  indefinite  length,  and  if  it  fell,  if  it  did  faH, 
in  one  body,  as  a  door  turns  upon  its  hinges,  this  would  be  a  correct 
assumption.  But  no  dam  was  ever  overturned  in  this  way,  nor  could 
it  be.  There  ia  no  continaous  edge  about  which  it  could  rotate  bod- 
ily. The  valley  across  which  it  is  thrown  is  more  or  less  V-shaped, 
and  the  whole  etructure  could  not  be  made  to  rotate  about  the  com- 
paratively small  fulcrum  which  the  topography  of  the  site  afforded. 
Every  foot  of  the  dam  would  have  a  different  point  about  which  it 
would  tend  to  rotate,  and  no  single  slice  or  section  could  rotate  with- 
out tearing  asunder  its  connection  with  the  adjacent  sections.  An 
enormous  proportion  of  the  overturning  force  would  be  absorbed  in 
the  shearing  effort  neceeaary  to  accomplish  this,  and  of  this  no  ac- 
count is  taken,  the  result  of  our  calculatiouB,  therefore,  being  tre* 
mendously  on  the  safe  side.  No  doubt  many  anomalous  conditions 
may  be  thus  accounted  for. 
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Mr.  Oouid.  Something  is  aaid  io  the  paper  about  BtraiDB  dne  to  choDgea  of 
temperatare.  It  appears  to  the  speaker  that,  coDsidering  the  great 
thickness  of  such  atmctares,  eotiielj  too  muoh  importaoce  is  at- 
tached to  thia  feature.  The  effects  of  changes  of  tsmperatnre  cannot 
penetrate  beyond  a  verj  few  feet,  leaving  the  tempetatnre  of  the  mnsa 
practiealij  uniform  at  all  seasons  of  the  jear. 
Mr.  Harrtooc  g.  W.  Habbibon,  M.  Am.  8oc.  C.  E.— The  most  salient  feature 
Tbioh  strikes  the  speaker,  in  reading  this  most  admirable  description 
of  a  beautiful  piece  of  engineering  work,  is  the  illnstiation  it  gives  of, 
probably,  the  highest  type  of  engineering  skill  and  ability — the  art  of 
seizing  upon  natonl  featnres  and  conditions,  and  ntilizing  them  to 
the  best  and  most  economic  advantage  for  the  purpose  sought  to  be 
obtained. 

Secondly;  bow  often  skilfnl  engineers  fail  to  grasp  these  oppor- 
tunities, and,  in  the  very  conception  of  a  plan,  go  wrong  and  pradnce 
results  far  below  the  possibilities  lying  open  to  their  brains  and  bands. 

To  use  an  illustration  familiar  to  all  enginsers  who  have  studied, 
from  an  observation  car,  or  as  delineated  upon  a  topographical  map, 
a  railroad  located  in  a  difficult  country:  how  many  millions  of  dollars 
could  have  been  saved  in  construction,  maintenance  and  operation,  if 
the  locating  engineer  had  only  possessed  that  useful  sense  of  imagina- 
tion which  sees,  ahead  of  tbe  transit,  tbe  completed  grade  winding 
around  tbe  mountain  sides  and  crossing  the  summits,  and  makes  tbe 
configuration  of  tbe  earth  surface  assist  him  in  obtaining  the, location 
which  cannot  be  bettered. 

In  the  present  case  there  is  the  condition  of  very  small  rainfall, 
and,  what  there  is,  occurring  during  a  short  fraction  of  the  year.  This 
entails  large  storage,  and,  if  possible  to  obtain,  deep  reservoLrs  with 
little  surface  for  evaporation.  To  avoid  waste,  the  dam  and  reservoir 
should  be  as  tight  as  skill  can  make  them,  as  every  gallon  saved  from 
iSakage  and  evaporation,  prolongs  the  period  in  which  tbe  available 
supply  will  suffice  for  tbe  growing  demand,  and  increases  the  growth 
of  tbe  sinking  fond  which,  some  day,  vrill  be  required  to  extend  the 
supply. 

The  contour  map  shows  tbe  selected  reservoir  site  to  be  perfect  to 
fulfill  these  conditions,  and  the  location  chosen  for  the  dam  is  ideal. 

The  speaker,  in  tbe  past  ten  years,  has  had  occasion  to  make  many 
studies  of  tbe  topography  in  different  parts  of  the  country  for  the 
purpose  of  selecting  advantageous  and  economical  sites  for  storage 
reservoirs  and  dams,  and  cannot  remember  any  example  in  which  the 
combination  of  all  natural  features,  except  rainfall,  needed  for  a  water 
supply,  and  to  secure  large  storage  and  a  deep  reservoir  advantage- 
ously, were  so  combined  as  in  the  case  under  discussion. 

Yet,  after  selecting  a  narrow  goi^  with  solid  granite  aides  and 
floor,  where  Nature  bad  provided  an  ample  and  excellently  looalad 
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spillway,  with  qaarriee  of  the  Tery  beat  material  near  by — in  fact,  a  Mr.  BwriBon. 
tbeoretioally  perfect  location  tot  a  masonry  dam  of  the  most  econom- 
ical proportions — all  these  advantages  were  nearly  thrown  away,  uid 
work  was  actually  commenced  on  a  rock-fllled  dam,  faced  with  a  sheet 
of  concrete  and  steel  plates. 

Fottonately,  for  the  enterprise,  the  flood  of  May,  1900,  destroyed 
the  work  on  this  stractnre,  and,  preeomably  from  the  paper,  resnlted 
in  bringing  into  the  project  new  engineering  talent,  which  saw  the 
opprortnnity  presented,  and  was  wise  enongb  to  grasp  it. 

The  proper  character  of  the  work  being  adopted,  the  actual  carry- 
ing out  of  the  plans  preaeDts  no  remukable  featnres,  and  is  a  matter 
of  detail. 

The  section  for  the  dam  is  bold,  and,  considered  as  a  gravity  dam, 
is  only  jnst  on  the  line  outside  of  which  the  best  precedents  forbid  an 
engineer  to  go,  bnt  the  designer  seems  tobejnatitied  in  hia  confidence, 
not  only  by  the  fact  of  the  nnezoelled  character  of  the  foundation  and 
abntment  rock,  bnt  also  by  having  the  aecnrity  of  the  aroh  form  as  a 
final  resort. 

Compared  with  the  section  adopted  for  the  Boonton  Dam,  with 
which  the  speaker  is  connected,  the  section  of  the  highest  110  ft.,  of 
the  Boonton  Dam  has  an  area  of  3  836  eq.  ft.,  aa  against  3  254  sq.  ft. 
in  the  upper  110  ft.  of  the  Lake  Cheesman  Dam. 

Under  any  bnt  exceptional  conditions  of  situation  and  other  ad- 
Tontagee,  as  fonnd  in  this  case,  the  speaker  wonld  feel  easier  with  the 
larger  section,  though  the  Boonton  Dam,  for  many  reaaona — among 
others  the  reaistanoe  to  ioo  pressure— was  treated  in  a  very  conservatiTe 
manner. 

From  the  information  given  in  the  paper,  the  speaker  is  of  the 
opinion  that  a  saving  in  cost  could  have  been  secored  by  using  the 
Cyclopean,  rubble-concrete  masonry  which  was  adopted  at  Boonton. 

The  cement  eetimated  as  needed,  60  000  bbls.  for  103  OOO  cu.  yds. 
of  masonry,  or  more  than  0.77  bbl.  per  onbic  yard,  exceeds  the  pro- 
portions actually  used  at  Boonton,  which  was  0.68  bbl.  per  cubic  yard 
for  more  than  200  000  on.  yds.  of  masonry  of  all  classes.. 

The  weight  of  a  cubiofoot  of  masonry  in  the  Lake  Cheesman  Dam, 
is  given  at  1&8  lbs.,  which  in  itself  is  excellent,  bnt  the  average  weight 
in  the  Boonton  Dam— eyenitio  granite,  in  concrete— is  166  Ibe  per  onbic 
foot. 

FnuTK  C.  HoBN,  M.  Am.  Soo.  C.  E.  (by  letter}. — The  sand  need  in  Mr.  Bom. 
the  construction  of  the  dam  was  washed  after  passing  through  a  screen 
made  of  parallel  bars  spaced  |  in.  apart.  The  grains  ranged  in  size 
from  the  largest  that  would  pass  tbrongh  the  screen  to  fine  sand. 
About  Mfi  would  be  retained  on  a  No.  6  sieve  and  66^  wonld  pass 
ihrongh  it.  A  number  of  teats  were  made  to  determine  the  voids, 
wliioh  were  found  to  be  about  31.6^  of  the  volume. 
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Hr.  Rom.  The  mortar  naed  in  pointing  waa  mixed  in  the  proportions  of  2 
ports  of  screened  sand  to  1  part  of  oem«nt.  The  mixing  was  dona  in 
batclies  of  Sou.  ft.,  bj  a  bat«h  mixer.  The  operation  of  mixing  the 
mortar  was  watched  hj  an  attendant,  and  a  uniform  product  vas 
olwajs  seoared.  The  mortar  boxes  were  each  of  10  en.  ft.  capacity,, 
and,  after  being  fllied,  the  mortar  was  distributed  as  the  Deoeenty  of 
the  work  demanded,  and  was  not  allowed  to  accamnlate  on  the  walL 
The  contents  of  each  mortar  box  were  need  within  abont  30  minntes 
after  having  been  placed  for  the  masons.  Tests  were  made,  from  time 
to  time,  to  detertdine  the  tensile  strength  of  the  mortar.  The  reenlts 
ate  shown  in  Table  No.  6. 


TABLE  No.  &.— TBSTSorSTKEHQiMOFltfoBTAii,  Lakb  Obkebicak  I>AX. 
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The  mortar  for  making  tests  was  taken  from  the  mortar  boxes  on  the 
wall.  The  briquette  monlds  were  filled  in  the  usnal  manner  and 
placed  in  the  shade  under  a  damp  cloth  for  24  honrs  after  which  thej 
were  removed  from  the  monlda  and  placed  in  water,  where  thej 
remained  nntil  the  date  of  breaking.  They  were  broken  immediately 
after  removal  from  the  water.  They  were  enbjected,  aa  nearly  as 
possible,  to  the  same  treatment  as  the  mortar  used  in  the  masonry. 

The  stones  in  the  np-Btream  face  of  the  dam  average  30  en.  ft,  in 
volame,  and  thoee  in  the  down-Btream  face  about  27  en.  ft.  Those 
used  as  backing  range  from  6  to  90  cu.  ft.  in  volume.  Each  stone  was 
set  in  a  fnll  bed  of  soft  mortar,  and  worked  down  to  an  even  and  firm 
bearing,  until  the  mortar  on  all  sides  was  forced  out  by  the  weight  of 
the  atone  and  the  action  due  toworkingit  withthebar.  All  remaining 
spaces  were  filled  with  soft  mortar,  into  which  smaller  Btonea  were 
carefully  and  firmly  placed,  care  being  taken  to  bed  in  mortar  each 
stone,  large  and  small,  andnot  allow  contact  one  with  another.  The 
bonding  of  the  Btonee  in  the  wall  was  given  particular  attention.  No 
leveling  of  the  waU  at  any  point  was  permitted,  except  tor  setting  the 
np-Btream  face  Btonea,  bnt  a  thorough  bonding,  horizontally  and  ver- 
tically, was  secured.  Fig.  1,  Plate  XVIII,  and  Fig.  1,  Plate  XX,  well 
illustrate  the  character  of  the  work. 
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The  percentages  of  stone  and  mortar  entering  into  tLe  completed  Mr.  Horn, 
masonry  are  about  72  and  28,  reapectivelj. 

The  maeonrj,  up  to  this  time,  is  watet-tight.  Water  has  etood  at 
Elevation  97.0  for  a  year,  and  no  leaks,  or  even  sweating,  are  diBcera- 
ible  on  the  down-stream  face  of  the  dam. 

Plate  XXX  is  a  viev  of  the  top  of  the  dam,  taken  after  the  com- 
pletion of  the  parapet  walls,  bnt  before  finishing  the  concrete  road- 
way. 

ChaioiBS  S.  Gowen,  M.  Am.  Soo.  C.  £.  (bj  letter). — This  is  a  very  Hr.  Qoveu. 
interesting  and  valuable  paper,  particularly  when  it  is  consideied  that 
-  this  dam  is  designed  and  has  been  built  to  withstand  a  clear  atatio 
head  of  more  than  200  ft.,  and  that,  from  the  aocunnt  of  the  authors, 
there  was  no  sign  of  percolation  or  sweating  under  its  first  teat  of 
more  than  100  ft.  of  static  head.  It  seema  to  the  writer  that  auch  a 
resnlt  is  remarkable,  and  it  is  evident  that,  in  the  material,  methods 
of  construction,  and  workmanship,  the  very  best  of  judgment  and 
skill  were  used.  It  would  be  of  great  interest  to  know  the  result  due 
to  the  increased  head  which,  no  doubt,  has  been  used  against  the  dam 
during  tha  past  winter. 

It  is  evident  that  the  section  of  the  dam  described  in  the  paper, 
namely,  that  below  Elevation  100,  was  not  affected  by  temperature, 
and  that  there  were  no  shrinkage  or  temperature  cracks  of  account, 
in  the  masonry,  and,  if  the  writer  is  not  misinformed,  he  understands 
that  since  the  completion  of  the  struotnre  to  its  elevation  of  217  ft.  no 
shrinkage  or  temperature  cracks  have  developed  in  the  masonry, 
beyond  two  very  slight  ones  which  show  at  either  end  of  the  structure, 
leaving  a  clear  stretch  or  length  of  700  ft.  of  the  thinnest  section  of 
the  dam  in  which  no  cracks  are  found. 

To  judge  from  the  description  and  illustrations,  it  would  seem  that 
the  masonry  of  the  dam  was  carried  up  uniformly,  practically  without 
steps  or  racks,  excepting  auch  as  are  described  as  having  been  used  to 
break  bond  in  the  masonry  horizontally.  In  view  of  the  presence  of 
shrinkage  or  temperature  oraoks  in  the  narrow  sections  of  high  ma- 
sonry struiitures,  ordinarily,  and  of  the  annoyance  occasioned  by 
them,  it  may  be  well  to  consider  the  reasons  why  their  absence  haa 
been  so  marked  in  this  atructure. 

At  the  New  Cioton  Dam,  the  masonry  of  which,  it  may  be  said,  can 
be  divided  into  three  parts,  the  first  comprisiog  the  main  dam,  proper, 
which  is  built  on  a  straight  line;  the  second  comprising  the  curved 
portion  of  the  overfall,  which  curve  is  nearly  a  quadrant,  aad  the  third 
comprising  the  remaining  portion  of  the  overfall,  which  is  built  in 
tangents  with  two  or  three  angles ;  the  cracks  which  have  developed 
are  particularly  notioeable  in  certain  portions  of  the  main  dam  and  the 
straight  portion  of  the  overfall.  These  crocks,  of  greater  or  less  size 
and  exteot,  owing  to  certain  conditions,  are  confined  to  the  upper  or 
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o.  thinner  portions  at  the  aeotioDs  in  question,  bnt,  in  the  curved  portion 
of  the  overfol],  which  has  been  Bnbjeoted  to  the  same  conditionc  as 
have  obtained  in  the  straight  portions  of  the  dam,  no  cracks  have 
been  found. 

While  temperatare  or  shrinkage  cracks  are  likelj  to  be  concen- 
trated at  particnUr  points  in  case  the  masonrj  is  not  carried  np  at 
□aiform  elevations,  it  is  unquestionable  that,  with  uniform  areas  of 
section,  they  vould  occar  at  intervals  more  or  less  legntarlj  in  an  j 
thin  masonry  stmctnre  compactly  built  on  a  stra^fat  iine.  This,  the 
writer  thinks,  is  shown  clearly  enough  ic  the  work  at  the  New  Croton 
Dam,  at  certain  points  where  the  methods  adopted  resulted  in  a  com- 
parative uniformity  of  lines  of  elevation  and  sections  of  masonry  as 
they  were  built.  At  other  points  it  is  evident,  from  the  size  and 
depths  of  the  cracks,  that  the  variations  of  sections,  and  longitndinal 
racking  had  a  great  deal  to  do  with  the  concentration  of  the  cracks. 
In  the  masonry  of  the  Lake  Cheesman  Dam,  however,  it  seems  to  be 
clear  that  its  curved  plan  and  the  uniformity  of  section  which  was 
preserved  throughout  its  construction  had  evidently  to  do  with  the 
remarkable  absence  of  temperature  cracks  which  has  been  noted,  and 
the  writer  thinks  it  may  be  said  that  these  results  constitute  a  pretty 
good  argument  in  favor  of  building  high  masonry  dams  on  curves,  if 
circumstances  are  such  as  to  allow  it  without  an  undue  increase  in 
expense. 

Another  point  of  interest  in  connection  with  this  dam  is  the  pro- 
vision made  for  waste  by  means  of  the  overfall,  the  length  of  wliich  is 
stated  to  be  300  ft.  Apparently,  this  overflow  will  pass  about  10  000 
en.  ft.  per  second,  a  flow  approximately  five  times  as  great  as  the 
largest  observed  flow  of  the  river  in  thirty-two  years.  As  a  matter  of 
comparison,  the  overflow  of  the'New  Groton  Dam  is  I  000  ft.  long,  and 
the  probable  maximum  depth  of  flow  over  it  may  be  assumed  at  6  ft. 
Such  a  depth  wonld  give  a  flow  of  approximately  46  000  en.  ft.  per 
second,  or  abont  three  times  the  observed  maximum  flow  of  the 
Croton  River  for  the  past  sixty  years.  If  it  be  assumed  that  the  pos- 
sible run-o£F  from  the  Croton  Basin  above  the  New  Croton  Cam  is 
equivalent  to  a  rainfall  of  6  ins.  in  24  hours,  or  at  the  rate  of  ^  in.  per 
hour  over  the  whole  water-shed  of  860  sq.  miles,  the  run-oft  would  be 
55  000  ou.  ft.  per  second,  whioh  is  equivalent  to  a  depth  of  about  T  ft. 
on  the  overflow. 

While  an  overflow  capacity  of  five  times  the  maximum  flow  of  the 
river,  as  observed  through  a  somewhat  extended  time,  may  be  consid- 
ered a  conservative  provision,  and  while,  of  course,  there  can  be  no 
comparison  properly  between  the  possible  run-offe  from  the  Lake 
GhecHman  water-shed  and  the  Croton  water-shed,  owing  to  the  great 
difference  in  areas  and  rainfalls,  the  comparison  between  the  provision 
made  in  either  case,  based  upon  observed  maximum  flows,  is  interest- 
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ing,  and  the  writer,  therefore,  calls  attentioii  to  it.  As  stated,  no  Hr.  Oow*d 
comparison  can  be  made  as  regards  poaaible  maximnm  flow,  but,  if  it 
be  aasnmed  that  this  rate  of  run-off  is  in  inverse  proportion  to  the 
water-shed  areas,  then,  on  the  basis  of  the  6  ins.  in  24  hours,  assnmed 
in  ease  of  the  Croton,  6  divided  bj  5  eqnab  1.2  ins.  From  the  Lake 
Cheeaman  water-shed,  the  rao-ofC,  based  apon  these  figores,  would  be 
approximately  63  000  en.  ft.  per  secood. 

Continning  the  rednctions  further,  and  in  proportion  to  the  respec- 
tive mean  yearly  rainfalls  of  the  two  basins,  48  ins.  tor  the  Croton  and 
14  ins.  for  the  Platte,  then,  approximately,  the  possible  maximnm  is 
18  000  on.  ft.  per  second,  a  result  which,  it  considered  seriously,  is 
seemingly  out  of  proportion  to  the  length  of  overflow  provided. 

The  records  of  the  United  States  Geological  Survey  show  flood 
flows  of  certain  streams  in  Kansas  and  Colorado  which,  apparently, 
approximate  closely,  if  they  do  not  pass,  the  limit  of  10  000  en.  ft. 
per  second  for  the  1  600  sq.  miles  of  the  Lake  Cheesman  water-shed. 
Accepting  such  records  as  reasonably  reliable,  it  wonld  seem  that 
greater  flows  might  be  expected  than  this  overflow  is  calculated  to 
provide  for. 

An  acquaintance  with  the  characteristics  of  this  particular  water- 
shed is  certunly  essential  in  order  to  justify  any  criticism  of  the  fea- 
ture in  question,  and  the  writer,  therefore,  is  not  disposed  to  nnder- 
take  it;  bnt  if  the  information  on  which  the  dimensions  of  the  overflow 
were  based  can  be  supplied,  it  would  prove  a  very  acceptable  and  valu- 
able addition  to  this  paper. 

The  plans  made  for  regalating  the  outflow  from  the  reservoir  were 
formed,  it  is  evident,  in  connection  with  the  rock-flll  dam  design  and 
were  partly  completed  before  the  new  design  for  a  masonry  dam  had 
been  adopted.  The  tunnels,  it  is  assumed,  are  nnlined,  excepting  at 
the  points  where  the  valves  are  installed,  and  the  question  arises  as  to 
the  need,  in  time,  of  additional  tnnnel  lining,  and  it  is  certainly  a 
matter  of  great  interest  to  know  how  the  valves  in  qaestion  are  work- 
ing nnder  the  preesnres  that  must  obtain.  The  addition  of  the  Tainter 
guard-valve  was  certainly  very  essential,  and  the  precautions  taken  to 
provide  the  manway  tunnels  to  give  access  to  the  working  parts  of  the 
discharge  valvee  at  all  times  were  certainly  pmdent,  to  say  the  least. 
It  is  improbable,  of  course,  that  all  three,  or  that  two  out  of  three, 
valves  will  be  out  of  order  at  any  one  time,  and  the  contingency  is  re- 
mote that  the  control  of  the  flow  might  be  lost  in  consequence,  or  that 
in  such  case  the  depths  of  the  water  above  the'dam  would  be  beyond 
the  limit  of  a  diver's  work,  but  it  would  seem  to  the  writer  that  some 
provision  should  have  been  made,  if  such  has  not  been  done,  bj  which 
the  upper  entrances  at  the  60-ft.  and  110-ft.  levels  can  be  closed  upon 
emergency  and  clear  access  to  the  valves  thus  afforded. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

NoTi.— Memolrswill  beroproduoad  IntheVolumeRof  Trantattiimt.  Aajlatomui- 
Uon  which  will  amplify  the  records  as  bere  printed,  or  twrrect  auji  errors,  sbould  be 
loro'Krded  to  Uie  Secretary  prior  to  the  flnul  publicstlon. 

BENJAMIN  BUeeH  SMITH,*  M.  Am.  8«c.  C.  G. 
Died  Fbbbuabt  8th,  1904. 

BeDJamio  Bnrgh  Smith  was  the  eldest  son  of  Dr.  Beajamin  Bni^h 
Smith  and  Catherine  Smith  Fair.  He  was  bom  at  Georgetowo, 
Sonth  Carolina,  on  Hay  16th,  1836.  His  education  was  completed  at 
the  South  Garolina  Military  Academy,  from  which  aohool  he  was 
graduated  in  1856. 

Choosing  Civil  Engineering  as  a  profeBsion,  he  secnred  an  ap- 
pointment on  the  Engineer  Corps  engaged  in  the  snrreyB  of  the 
Charleston  and  Savannah  Railroad.  Hie  connection  with  this  organi- 
zation lasted  npwards  of  two  years,  when  yonng  Smith  decided  to 
study  medicine,  influenced  no  donbt  by  the  advice  and  ezsmpleof  his 
father.  He  attended  the  medical  lectnres  in  the  Sonth  Carolina  Med- 
ical College  at  Charleston,  Sonth  Carolina,  and  was  graduated  in  1859 
or  1660.  During  tbe  intervals  between  the  sessions  of  the  medical 
College,  he  vras  employed  on  the  construction  of  the  Charleston  and 
Savannah  Railroad,  in  charge  of  track  laying. 

The  opening  scenes  of  the  Civil  War  soon  attracted  Dr.  Smith,  and 
he  promptly  abandoned  his  profession  and  entered  the  service  of  the 
Confederate  States.  Into  this  service  he  threw  himself  with  all  the 
ardor  of  an  earnest  nature,  and  was  distingnished  for  his  gallantry, 
good  judgment  and  military  skill.  He  attained  the  rank  of  Colonel 
and  was  included  in  the  terms  of  the  snrreuder  of  OenersJ  Jos.  £. 
Johnston  to  General  Sherman. 

Subsequently  to  the  Civil  War  he  resumed  the  practice  of  his  pro- 
fession at  Adams  Run,  Sonth  Carolina.  Having  been  left  without 
means,  he  was  not  able  at  that  time  to  purchase  a  horse,  bat  illus- 
trated his  high  character  by  walking  long  distances  to  practice  among 
the  poor. 

The  poverty  of  the  section  in  which  he  lived  forced  him,  after  a 
time,  to  abandon  the  practice  of  medicine  and  to  resume  the  practice 
of  engineering.  After  being  engaged  in  surveys  of  railroad  lines  of 
less  importance,  he  joined  the  Corps  of  Engineers  making  the  surveys 
and  location  of  the  Port  Royal  Railroad,  and  continued  in  this  ser- 
vice  until  the  completion  of  the  road  to  Augusta,  Georgia. 

•  Prepared  by  the  Re*.  EJUson  Capers,  Col.  O.  S.  Oadsdes  ud  June*  P.  Allen,  V. 
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He  then  entered  the  eerrice  of  the  United  States,  and  soon  there- 
after, obtaining  the  position  of  Assistant  Engineer  in  the  United 
States  Light-Hotise  Establishment,  he  continued  in  that  position  nntil 
his  death  on  Febmary  8th,  19M. 

To  the  duties  of  this  position,  which  was  practically  his  life  work, 
he  devoted  himself  with  all  his  natnral  zeal  and  energy.  His  good 
judgment  and  intelligence  gave  great  weight  to  hie  opinions  in  all 
mattera  relating  to  the  engineering  work  of  the  Sixth  Light-Honse 
District. 

Col.  Smith  was  a  man  of  sterling  qualities  and  strong  character. 
He  never  married,  but  his  beautiful  home  life  among  his  relatives,  to 
whom  he  was  devotedly  attached,  will  be  held  by  tUem  in  lasting  re- 
membrance. 

Col.  Smith  was  elected  a  Member  of  the  American  Society  of  Civil 
Engineers  on  November  7th,  1888, 
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